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INTRODUCTION. 


This r(^])ort coiiMtitutes a siininiary of data resulting 
from tho m(dalhn‘gical examination of Gei-man and 
Italian aircraft engine and airframe parts by the Aer-o 
rVnn])onents Sub-CJommittee of the Technical Advisoiy 
C'ommitt(^(^ of the Special and Alloy Steed Coimnittee^ 
formed for this purpose. 

Thc‘ ])arts ^^xamined rejireseiit an extensive range of 
tlu‘ various ty])es of enemy aircraft which have fiillcn 
iiito th(‘ liands of the Pv.A.F. since the beginning of t}u‘ 
u'ar. 

'Th(‘ })ri.n(upal o})j(H;t of these investigations was to 
obtain data on the ty])es and cpiality of materials us(‘d, 
uudhods of manufacture, efficiency of th(‘ heat-treatment 
to which tlie parts had becui submitted, togethei- with 
any other information w'hich might ])rov(^ of vahu% as, 
for (‘xample, dcdails of the finish. FurthcT-, tlu^ influence^ 
of r(*strictions due to our ])lockade on (Tuuny procedure' 
and selection of materials was kept in mind. Attention 
was given chiefly to (mgine parts, but a number of air¬ 
frame and miscellaneous components wx*i*(^ ine,Inch'd. 
Special f(‘atur('s eoneerning ch'sign had Ix'c'ii notc'd in 
<*(‘rta.in instanc*(‘s, Imt tlu'sc' w'C're not th(' primary 
object of the inv(‘stigations. 

Foi- the purpose' of this r(‘j)ort, eompoiu'uts of tlu' 
sam(* lyjK' from diflen'nt aircaaft hav(^ Ix'C'ii cionsidc'n'd 
tog(*ther and tlu' main featun*s sumnuu'isc'd. For fulh'r 
<h‘tails the individual n^ports should b(‘ eonsult('d. 

T1h‘ Sub-Fomniittec' n'S])onsihI{' for tlu'se invc'stiga- 
t ions and for this ix'port comprise' Mr. W. H, Dyson, 
Ministrv of Aircraft Pnxiuetion ; J)r. FI. Sutton, Ivoyal 
Aircraft Fstablishmf'ut ; Dr. P. (h'luh'rs, Siip('rin- 
1end(‘nt, dVchnical Applications Mc'tals, Ministry ol 
Supply; Mr. FI. Pull, Messrs. Brown-Bayh'v’s St('('l- 
wor-ks. Ltd. : Mr. FI. H. Burton, tlu' Fiiglish St('('l 



man, Bfown-Kiri b. Ib's^ardi I .a h< »rat : Mv. W. -I. 

Hawson, M(*ssrs. Hadfi<‘i(is, Id<i. ; .Mr. 1). A. ()!i\f r, 
M(‘.ssrs. Wni. d(‘ss<>p and Sons, Ltfl.; 1 >r. 'f. S\sin(b n. 
tlm lAiit(‘d Stf‘nl C %)ni|>ani<*s, Ltd. : and .Mr. L. Stanti<-1<}, 
S(‘C'r(*ta.r‘\', Broun-[■‘'’irdli licscaia*}). Laf>ora 1 oric>. 

''riie u'f)rk included in this roport <‘nd>raf<-s tin* ii*>nits 
of investigations (•ari-i<*(i out fror!i t Im* iM-LMiinint: <»t tin- 
W'ar until towards tin* end of Ihfl, hut inve-t isjat ion*- 
}iLav(‘ oontiniH*d and arf‘ still in proLU'nss. and tin* u«»ik 
is h(‘ing (-arr i(‘d out met imlousl w Xatui’alls , no fiM:'- 
parisf)ns art- mach* in tin* lepoit with e<n’r’e-'pondinu'' 
j)arts in British. aii<I Anu-riean aireraft, neith**r an* 
eartain ^xsJ>c*(■ts, which tin* inv<*st igat !< >ns ha\<- ‘-h<»un 
1)(* f)j>(‘n to {*r-iti<‘ism, em]>hasis(‘< 1. 


Sinet* tin* ])r(*}>ara,t ion oi’t his work, the Snh-( 'nnnnit t »♦* 
has sutf(*r<‘d the loss of Dr. H. Bat field, u ho u.n 

r(‘sponsi})le for its ineejition and was ejo>el\ a.-"^<»eiafed 
with the large amount of work done*, and of .Mr. W'. H. 
Dyson and Atr. (L Stanfield. 

d'h(* Suh-C’onunit 1 <‘c* r<*sponsi})le foi- the (-ont inu;i n< < • 
of th(* work eornjjrises : Mr. H. Ihill f.Me.'-.-r-'. P>roun 
Ba\'l(*\'s St(*(‘lu<)rks, Ltd.), Mr. H. H. Ihirton (KuLdidi 
Ste(‘I Dor])orat ion, Ltd.), .Mr, \V. d. Dau.-on (Me--!'. 
Hadfi(‘kls, Idd.), Dr. Bruet* (’ha liners (Ihtyal .Xiioratt 
Kstahlishin<‘nt ), Mr, I). A. Oliver (.Messrs, \\'in. de,--.i>p 
and Sons, Ltd.), .Mr. L. Hotlierhain (.Messr.'. d'ho-. f'irth 
and dolin Ih-oun, Ltd.), Dr. H. Sutton f.Mini-fr\ <»! 
Aireralt Procluet ion), Dr. T. Su iiulen, f 'ha iriiia ri (lint*: 
S1(‘(*l (’onipanies, I.,td.), and .Miss M. K. W'al-h.i u 

S(*eretar\' ( Br own-h’irt h K<*s(‘ar<-h 1 bora torie.'). 



Section I—A Description of the Enemy 
Engines Examined 


A BHIEB (Icsci'iption of (‘ngiru's from 

^ 'wlii(‘li th(‘ ])arts ('xamiiK'd won' 
rciTK>v(‘(i is of intorost. The ])arts wca'o 
tak(‘n from (‘ngirii'S of four (h'rrnan 
s(‘i‘i(*s and ouo Ttaliaii. Tli<' (h'rman 
surios ooinpris('d .Juino 211, M(‘r(*od(“s- 
D.B. fiOl, lEM.W., and Bramo 
Fafnir. TIh' first two ongiiu's an^ lifjuid 
ooolod, and th(‘ sooond two air ooolod. 
Tho Italian ('iigiiic was tlio Fiat AHORXt 
41 radial I'ngino. 

Jumo 211 Series (German) 

Tho oiigino from which most of tho 
])arts w<‘ro olitaiiiod was of th(‘ dumo 
2HA typ<‘. Th(‘ ('iigiiu' liad bo(‘n in¬ 
stalled in a Keinkol 111 aircraft. Engines 
of the Juino 21 I sorii's ar<‘ also us<*<l in 
Junkers H7 and dunkers 88 aircraft. 
Otlu'r engines of tlu' dumo 211 series - • 
i.<‘.,durno 21 2111), 21 IF, and 21IH 

- are in gen<-ral only sliglit modifica¬ 
tions of th(' 21 1A type. 

The (‘iigine is a I2-cyIinder sujx'r- 
<’}iarge(l inverted X'cc, with hiiuid cool¬ 
ing, direct fiiol injeetion into tlie 
<-ylinders, and spark ignition. 'PIk' 
gcrn'i’al doigri <if the engine follows 
cstal)lislie<l ])ra{‘tice. 

The weight of the engine is low in 
])i‘()port ion lo t he swept \'olum(‘, 1,400 Ih. 
and do lit r(‘,> rr-pect i\ (dy, hut on account, 
of tlie relatively low inaxiimim (‘iigine 
speed the pnwer niitpiit per litre is also 
low. 

The crank'iiaft is of unusual rlesign 
for a modern aero engiiu*, the wclis 
being in the form of fiat plates extended 
to form halani-e weiglifs. The plain and 
forke<l connect ing ro<ls are of normal 
<le>ign. 

The cylinder linei's are inserted in the 
<-ylitidei- block, and four long studs 


attaclu'd to cars m'ar th(‘ crankca.s(‘ (uid 
of thi^ lin('r draw the lliK'r against the 
cylinder IknuI, into wliich it is spigotx'd. 
Th(' pn'ssurci joint is made })y a, coppi'r 
waslu'r on a conical seating. Two rubber 
rings in grooves in the linc'r mak(^ tlic 
scaling joint between th(' liner and 
crankcase. 

Th<^ va,lv('s for each cylinder ba,nk aro 
operates 1 by a, single camshaft dri\a*n by 
bcwu-l and spur g('ars from the low(U‘ ('iid 
of tho auxiliary g<'a,rbox. The inhd) and 
('xliaiist valves are of normal shape', tho 
exhaust valv(^s being sodium cooled, one; 
cxlinust valve p('r cylindc'r being 
fittc'd. 

L<‘ad bronze is used for tlio main 
crankshaft bearings and big (‘n.(J bear¬ 
ings, but th(‘ camshaft b('a,rings and 
s\ipercharg('r driv(' Ix'arings a.t*e of 
aluminium-rich alloy. 

Th(' airsc.n'W is driv('n through n 
spur-t.yp<^ rc<luction g<'ar, tfic! driving 
and (lriv(‘n gears Ix'ing s))Iin('(l to the 
sliafts and e('ntralise<l l)y split I)F*on/e 
coin's, TIh' driven shaft, is mounted on a 
rolh'f rae<* at the ri'ar end a,n(l on a 
eornhiiK'd roller and thrust hail I'arte at 
the froid. housing eov('r. 

The ('iigiru' is W('ll made, and tlKue 
was no ('vidi'MCf' of th<' (‘tnploytnerd. of 
methods fo ('eonornise labour. 

Mercedes-Benz D.B. 601 Series 
(German) 

Ah'reeih'S-Benz D.B. (lOl cngiiK'S ai’e 
fitted in .Messerscliinit t 109, Messer- 
sehrnitt I 10, Ihdnkel I 12, ilDnlod 1 IIP, 
ami Macehi ('. 200 airend’t. Most of 1.lie 
jiarts cxamiiu'd wei'e from an ('iigine of 
the D.B. ()01A tyi>'‘. 

Tin* (‘Iigine is of th(‘ 12-c\linder 
inverti'd 00" Ve(‘ sujH'i'-ehargi'd, petrol 
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injection, liquid-cooled tjq:>e. The bore 
and stroke are 150 mm. and 160 mm. 
respectively. The swept volume is 33.9 
litres, and the compression ratio 6.9/1. 
The net dry weight is 1,4001b. The 
engine is mounted by means of st('el 
pins screwed into aluminium alloy 
flanges, spigoted into two positions on 
each side of the crankcase and held by 
studs. Various tjqtes of forged mag¬ 
nesium alloy cantilever moimting-cradle 
arms are employed. 

The crankcase is an aluminium alloy 
casting internally ribbed to provide 
rigidity with lightness. Seven main 
crankshaft bearing bridges are machined 
to take bearing caps, and the main 
bearings are lead - bronze lined steel 
si 1 ells. The crankshaft is hollow and in 
one piece, with balance weights riveh'd 
to most of tlie crankweb extensions. 
The comrecting rod assembly consists 
of plain rods of I section and forked rods 
of H section that run on three track 
roller crankpin bc'arings. Eacli track 
has 24 rollers, housed in a split 
duralumin cage and running on th(‘ 
crankpin. The outer race is a split st(‘e] 
shell. 

Each cylinder block, including tlu^ 
heads and double'-walled jackets, is a 
single aluminium alloy casting with dry 
liners. Stee'l cylinder liners, the ends of 
which betl on to the cylinder liead to 
make a gas-tight joint, are screwed and 
shrunk into the block. 

Two exhaust and two inlet valves ar(^ 
fitted per cyliiuh'r. All liav(' liollow 
stems and the exhaust valve's an* 
sodium cooled. Tliere is one hollow imdru'- 
head camshaft for eacli cylinder block. 

The airscrew reduction gears an' of 
normal tyjie and incorporate* a slie)rt 
steel sleeve, so elisposed as to allow some' 
st'lf-alignment in transmission. Tlu* 
airscrew sliaft is hollow, to pT'ovide^ for 
a cannon firing through it. 

The supercharger impelle'r is driven 
tliroiigli a hydraulic eoiipling, anel its 
speed is automatically varie'd with 
altitude. 


The' fuel pr('ssuT'(' pump (Ie'liv<'rs to an 
injection pump, wliicdi consists of 12 
se'parate' piLin])s moiinted in lint' and 
driven by an ovc'iliead camshaft. A 
control luiit re-gulafrs tlu' fuel d('Ii\'('i'y 
to give a pre'detc'rmiued mixture' for 
change of boost, change in e'xliaust back 
pressure, and change' in tem])('ratur(' of 
the* air in tbe^ inkt manifold. 

The wewkmansliip and e'asting tech- 
nicpie are' gooel, and the* e'Ugine^ is 
de'sigiK'el anel con.spicuously marked for 
cpiiek ek'tachment from and ri'jjlaeeme'nt 
in tlu> aircraft. 

The Mcrce'de's-lh'nz D.B. fiOlN (‘iiginv 
is vc'ry similar to tlu' D.H. (iOlA, exTM'jjt 
that the compression ratio has Ix'f'n 
raise'd to 7-9/1 and the* allowable s))eee{ 
increaseel from 2,400 to 2,800 r.]>.m. 

B.M.W. 132K and B.M.W.801A 
(German) 

The B.M.W. I32K ('iigine is installed 
in H(‘ink('l 115 floet ])laM(‘ aircraft. The- 
enigine'isan air-ce)ol('d,g('ar('d, 9-<eyliiid(*r 
raelial, dire'ct pi'fre)! inje'cfion e'ligine', 
with singl('-sp('('d supe't’eharge'r. The' 
airscrew is elrive'ii thre)ugh (‘pieylier 
re'ductie)i> ge'aring. The* e-ylitielcrs lia\'(' a 
0^-in. bore' and (5^ in. stroke' (as the- 
Pratt anel Wliitne-y Ke)i-ne't ('iigine'), 
giving 27-7 litre's ,sw('pt veeluine'. 'Tiie- 
compre'ssieai ratio is ()-93/l. 

The* twin spur plaiicl ('pieyeiie* re'diie*- 
tion ge'aring fe)r the' airscre-w providi'S 
a ratio of 44/(>I t ime'S e-ranksbaft sfM'i'eh 
Ace.esse)rie's anel auxiliarie's are* dri\'e'n 
threaigh se've'ral trains f)f spur ])inie)ns 
radially elisy)ose'e] al)out a e-e-nti'al dri\'ing 
shiift in tlie'auxiliary g<'ar})ox at the'i’car 
of the* e'ngiiK'. Tlie-lu't elry weight of the' 
eaigiiH' is 1,170 1b. 

The engine* is ine)UJit('el on a tiihiilai- 
ring he'ld by welekel tubular We' 
bracing te) the' front spar eef the* niitirr 
plane*. 

The crank(*ase', in twe) peertions be)lte‘el 
te)ge‘tlu'r, is cast in ahuniniuni alloy. 
The' crankshaft is iu twe) se'e-tions, the- 
shaft anel crankpin being inte-gral with 
the' forwarel e-iunk we'l). The' re'iu- w('l> 



IS bushed in the eye with an aluminium 
bronze liner, the bore of which is ground 
to a taper and highly burnished. The 
outer surface of the crankpin is ground 
with a high finish to a corresponding 
taper, on to wliieh the crank web is 
pr(^ssed. The boro of the crankpin is 
inversely tapered on tlie same gradient 
to accommodate the insertion rmder a 
heavy load of a copper-plated steel- 
tapered plug which fits flusli -with the 
end of the crankpin. The tapered plug 
is internally threaded, jii’^f^nmably for 
extraction. 

Eight auxiliary connecting rods of 
H section form a normal assembly 
articulatf'd around the flanged big end 
of a mastt'r rod. which carries a fixed 
steel bush lined witli lead-bronze. The 
wrist pins are inserted from the front 
and located by locking plates. Gudgeon 
and wrist-pin bearings arc phosphor 
bronze bushed. 

The steel cylinder barrels and alu¬ 
minium alloy heads are elos(' finned, 
with a total radiating surface of about 
20 sq. ft. The cylinder barrel is screwed 
and shrunk into the head. 

The exhaust valves have hollow 
sodium-cooled lieads and stems. The 
ink't valvt‘s are solid, with dishc'd heads. 
Tlie valvc' rockers art' fitted with spun-in 
balls, flatt(‘ned to make contact with the 
\'al\'(‘ stems and held in screwed ad- 
jush'rs. They ar(^ mounted on fixcvl 
spindl(‘S in tlu' Irronze-biished walls of 
tlu' roek('r-box. Tlu* rockiTs are actiiat(‘d 
through ball-end('(l push I'ods and jdain 
})(‘aring rollin’ tajjpids by eam-rings, one 
iidet and oik' (‘xhaust. TIh' cam-v/Ir'el 
is dri\'(‘n tlirough a reduction gi’aring on 
th(' foi’ward erankeuse wall, giving a 
ratio of one-eighth erauksliaft spi'i'd. 

The front cud of th(‘ crankshaft is 
inti’rnally l)ronze-biislied, to form a 
spigot })(‘ai‘ing for tlii' aftoi* (nid of th(‘ 
airscrew di’iving shaft, wiiicli ojxu’ati's 
through the ri’diud ion gi’ar, 

Thi’i IhM.W. 801A engine is a 14- 
eylirider, 2-i’ow air-eooleil radial engiiu'. 
It-is installi'd in Doi’nio]’ 217 and Foeke- 


Wulf 190 aircraft. Examination of tins 
engine is not yet complete. 

Bramo-Fafnir 323P 1 (German) 

This engine is installed in Doruier 17/Z 
aircraft. The engine is a 9-cylinder 
radial, air-cooled, geared engine with 
petrol injection to tlie cylinders. It has 
a two-speed supercharger. The capacity 
is 26*8 litres, and the compression ratio 
is 6*23/1, The general design is con¬ 
ventional and includes American pat¬ 
tern cylinders, Farman type reduction 
gear, and bolt type Maneton jointed 
crankshaft. The engine weighs 1,320 lb. 
dry and 1,970 lb. when the airscrew, 
engine mounting, cowling and oil-cooler 
are included. The published take-off 
power is 989 h.p. (British units). 

The crankcase proper is built up of 
two aluminium alloy pressings which are 
faced to join on the centre line of the 
cylinders. Steel liousings for the main 
crankshaft bearings are pressed into tlie 
front and rear walls of the crankcase and 
pinned. 

The steel cylinder barrels are screwed 
and shrunk into the iduminium alloy 
heads without any joint or locking 
device. 

The (‘xliaust and iidi’t valvi's ari^ 
hollow, tlu‘ former being sodium-cooh'd. 
Th(' valves ari‘ opf'ratial by a cam-ring 
mounbal conci'iitrically witli th«' crank- 
shaft in a chamber in the front of th(' 
crankeas('. Th(‘ crankshaft is of con¬ 
ventional design, tlu’ two ])i’incipal 
portions being joined tog(d.h('r by a 
Maneton joint of normal tyjn'. Thi' 
connecting rod assembly also is of normal 
type. The big <'nd of tlu' master rod 
runs on a l('ad-bronz(‘ l)(‘arii>g cast on a 
steid bush, wliich is shmnk on the crank- 
pin and locat('d by a do\\(’l. Tlu’ 
articulati'd rods ar('of uniform H s('cti()n 
with fix<’d bronze busln's at lioth (’iids, 

Tli(‘ aii’sci’ew reduction gi'ai’ consists 
of aTK’pieyclic t rain of Ix'vel whci’ls and 
])rov'id(‘s a ratio of 29 ; 18. 

Th(‘ sn|)('r(*})arg('r is drivi'ii from tin' 
I’ear of th(’ crankshaft tlii’ough <‘i spring 



coupling and an epicycjjc .step-up gear 
that is arranged co give two alternative 
ratios, 9-6 ; 1 and 12*4 : 1. 

The engine mounting is a triangulated 
structure of the usual type, built up by 
welding. 

Fiat A.80 R.G.41 (Italian) 

The engine examined had been in¬ 
stalled in a Fiat B.R. 20 twin-engined 
bomber. The engine is of the 18-cylinder 


doable row snpei'clairged air-cooled 
radial typ(\ fitted with reduction g(‘er- 
ing. Th(‘ eompn'ssion ratio 6-7/1. The 
cylinder bore is 140 mm. x 165 mm., 
and the swept vohimt; 72 litres. Unlike 
the German engines f'xamined, this 
engine employs a carburettor. The 
supercharger is of the single-sp(;ed tyj^c. 
The engine is of eonvimtional design 
throughout, and has a vnvy low powc^r 
output per litre. 



Section II—Crankshafts 


^ pHE C'ight crankshafts examined, 
taka'll from various types of 
German and Italian engines and aircraft, 
were of tlu' following tyoes :— 

Six-throw Crankshafts 

Report No. 1.—Junkers Jumo 211A 
(front portion only ; see Fig. 1), 
Report No. 19.—Mercedes-Benz D.B. 
601A (see Fig. 2). 

Report No. 85.—Mercedes-Benz D.B. 
6()1N. (see Fig. 3). 

Report No. 124.—Junkers Jnrao 21 IF 1 
(see Figs. 4 and 5). 

Report No. 132.—As Report No. 124 
(portion only ; not illustrated). 

Radial Crankshafts 

Report Nos. 13 and 28.—B.M.W. 132K 
engine (see Figs. 6 and 7). 


Report No. 44.—Bramo Fafnir 323P 
engine (see Figs. 8 and 9). 

Report No. 82.—Flat A80RC 41 (front 
half only ; see Fig. 10). 

With the exception of the last men¬ 
tioned, Report No. 82, the crankshafts 
were all of German origin. 

In general, the surface finish and 
workmanship throughout were of a higli 
order, and during the preliminary 
examination no fatigue flaws, cracks or 
defects were found. The centre journal 
of Report No. 19 showed severe over¬ 
heating, probably owing to loss of 
lubrication, and the appearance of the 
pin of the Fiat crankshaft (Report No. 
82) indicated heavy bearing pressures. 


TAJVLE I.—CHEMICAL AXAFA’SES OP THE CllAXKSHAPTS. 


Ef*port Xc 


SIX-THROW TYPK. 

c. 

?o 

Ni. 

% 

Cr. 

/o 

Mo. 

O' 

/o 

V. 

% 

1 

.Tuiikers Jumo 211A. 

. o-vjn 

1-4.’) 

2-48 

n-24 

0-08 

19 

Mercedes-P.enz D.E. (iOlA- 

. o-is 

1-78 

1 -85 

O-IU 

Nil 

85 

Mprcedes-Peuzi D.B. COIN- 

. (e2() 

1-99 

1-72 


Nil 

124 

Jumo 211,F.l. 

. (I-SI 

2*(I.S 

2-44 

U -‘I’l 

(M2 

1.12 

Jumo 211.I'M. 

. 0-28 

1-48 

2-53 

U-IG 

Nil 

■28 

i:i2K—Front htdf- 

Eadial 'J'ypI':. 

1.02 

2-14 

0 -‘l') 

Nil 

ll 

Umir half. 

. ( 

((•28 

1-19 

0-21 

Nil 

■11 

Braino P. Front lialf... 

. ( 

I’Sl 

2 -in 

o-iii.) 

Nil 


Hear half ... 

( 

1-89 

1*90 

1) 

Nil 


Fiat A,HilJlC.4l—-Front half . 



()-7:J 

uok; 

Nil 



Fig. 1. Front portion of Junkers Jumo 211 A. 




















Figs. 4 and 5.—Junkers Jumo 211F 1. 





B.M.W, 



Fig. 10.— 
Front 
portion of 
Fiat A. 
80R.C.41 



Chemical Analysis 

The results of tlie eliemieal analysis of 
tlie crankshafts are summarised in 
Table I. 

Both the nickel and the eliroinium 
contents fall approximately within the 
range of 1| to 2^-%, with two exceptions 
—namely, the rear half of the B.M.W. 
132K crankshaft, whicli was a 1% 
chromium-molybdenum steel, and the 
Fiat A.80 B.C, 41 front half, which 
contained 3% of nickel and of 

chromium with molybdenum. An 
addition of vanadium was not usual, 
and was found only in two of the tln-c'e 
Jumo crankshafts. 

The samples can be further classified 
into carburised and non-carburised, and 
it will then be seen that the carbon 
content of the carburised steels varies 
from 0-16-0-20%, and for the non- 
carburised the carbon content ranges 
from 0-28-0*38%. 

All the steels appeared to have becm 
made by the basic electric arc process. 

Report N'o. Crankshafts 

19 Morcecles-Benz I).B. ... 

85 MereotJes-Bciiz D.B, (iOiy. 

28 li.M.W, 1S2K—Front half. 

44 Bramo F, ")28P—Front half. 

The sulphur and phosphorus contents 
were low and ranged from 0-008 to 
0-016% ; the standard of cleanness was 
high, similar to that being supplied to 
the British aeroplane industry. 

Method of Manufacture 

Representative' sections were pre¬ 
pared for sulphur printing and ('telling. 
No segregation was revc'ak'd, and the 
carburisation of pins and journals of 
those crankshafts wliich liad bee-n 
carburisc'd was uniform. Fig. 11. Fur¬ 
ther etching with a cupric reagent re¬ 
vealed a normal grain flow for stampings, 
but in geiK^ral th(' allowance for 
machining appeared to liav(' been 
greater than is usual in this country. 
Ink prints were prt'pared, and the 
dendritic structures geiu^^rally indicatc'd 
tli(' use of a comparativelv small size of 
ingot. 


Heat-treatment and Microstructure 

Tlie crankshafts may be classifi('d 
again as follows:- - 

No\-CARBURr.SEI). 

Report No. 1—Junb-rs Jumo 21 lA. 

„ 13 -B.M.W. 132K r('ar lialf. 

„ 44—lhamo F. 323P, rear 

h alf. 

82-Fiat A. 80 R.C. 41, 
front half. 

Cakbctbised. 

Report No. 19—Meuvedes - Benz D.B. 
(iOlA. 

,, 85 Mercf'des - Th'nz D.lh 

601N. 

„ 28-B.M.W. 132K. front 

half. 

44 Bramo F. 323P, front 

half. 

NrTRIDED. 

Report No. 124—Jumo 2UF 1. 

132--Jumo 211F J. 

Dupth of Capo. Max. TLirdnr'SS 

. 0-15 in. 7511 V.l’..Nr. 

. 0-2(1 in. 8.50 

. 0-15 in. SOO 

. 0 "OS ill. 7511 „ 

Tlie crankshafts whicii had not b('('u 
carburisc'd ^lyipean'd to have' be(‘n 
hardc'iK'd and tc'mpen'd in a norma.l 
manner, th(‘ microstnictun's consisting 
of sorbite. The front (‘nd of the (-arly 
Jumo crankshaft had bcu'n ov('rh('at('d 
slightly for hardening, but tlu' oth<'r 
crankshafts of this grou]) |)Oss(‘ss('d fine¬ 
grained structure's. 

The total (h'jkli of carVairisat ion. was 
(h'h'rmim'd by rnicro-c'xainination and 
by d('pth hardnc'ss and carbon deter¬ 
minations. Fig. 12 sliows the H'sults 
obtained on tlu' Men-edes-Benz cranl-;- 
sliaft. 

Th(' small amount of frf'(' earbich- was 
in a fim'ly dividc'd form, and it is pro¬ 
bable tnat th('r(' had Ixs-n a diffusing 
hoat-trf'atnu'nt after carburising. Both 
case and con* stnictur-es of thi' a.l)()\'e 
crankshafts wc'H' fine' gi-ainc'd, aiei 
indicatc'd a n'flning and liarde-nine 
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i 

Fig. 11.—Section of Mercedes-Benz D.B. 601N, showing structure. 


heat-treatment from the usual tempera¬ 
tures. The final heat-treatment probably 
consisted of a tempering at about 200° C. 

The early Jumo crankshaft (Report 
No. 1) had not been su rface hardened, but 
the two Jumo 21 IF 1 crankshafts, al- 
thoughmade from the sam(‘ typ(‘ of nickel- 
chromium-molybdeinim stec^l, liad becm 
nitrided. Tliis ste('l cannot b(‘ classed as 
a nitriding steed, and v('iy considc'rable 
embrittleuK'nt liad occurred. 

A pronounced difh'i-ence in d(‘pth of 
nitrid('d case was found, as sliowii by 
the hardness (h'pth curv(‘s s('('n in Fig. 
13. The eas(! of gn'ater d(‘{)th poss('sses 
a low<‘r* niaximuin lun-diu'ss, as shown by 
the curves. This was ])i'o))ably <hie to 
the use of an ('xcessi\’(' nitriding tem- 
peratun'. A corn|)a]-ison of tlu* nitrhhal 
cases (Figs. Hand 15) wall sliow^ that the 
crankshaft (Re[)ort No. 124) poss(\ssedan 
abnormally hirg(‘ luait-tn'atc'd grain size, 
and it was t'vident tliat the crankshaft 
had been overlieated for hardening prior 
to nitriding. 


Mechanical Properties 

Tensile and impact tests were pre¬ 
pared from several positions in the 
crankshafts. The widest variation in 
maximum stress was found in the case 
carburised cranksliaft from tlie Mercedes- 
Benz D.B. GO IN engine, from which 
maximum stress values of 84 and 91*7 
tons piT sq. in. were obtained. 

The following figures were selected 
from re sults of tests taken wliere the 
grain flow was longitudinal, but other 
tests w(U‘e take^n in a transverse direc¬ 
tion, and these did not revc^al any 
marked fall in ductility or toughness. 

The t('nsih‘ n'sults do not cull for 
comment, but with ndeu'ence to tlie 
Izod results it should be notc'd that the 
rear half of tlu^ B.IVT.'VV'. 132K crank¬ 
shaft (R(‘port No. 13) was made from 
a 1^% chromiura-molybde'iiuin ste'cl. 

R('f('r(‘ne(' has already benui inade^ to 
tlie <'mbrittl('in(mt of the nitride'd crank 
shafts (R(']X)rt Nos. 124 and 132). 
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Fig. 12.—Depth of carburisation on 
Mercedes-Benz D.B. 60IN. 


Peculiarities of Design 

Among the six-throw crankshafts, it 
will he noticed that the early Jumo 
crankshaft (Report No. 1), see Pig. 1, did 
not carry attached balance weights. All of 
tlie pins and journals were chambered, 
and the pins had been bored 
eccentrically. 

The balance weights attached to the 
Mercedes-Benz D.B. 601A and D.B. 
60IN crankshafts consisted of three 
pieces riveted together, and rather 
heavier in the last-mentioned crank¬ 
shaft (compare Figs. 2 and 3). The pins 
and journals had been bored and 
cliambered concentrically. Mild steel 
tubes had been fitted inside the pins of 
these two crankshafts, and end caps of 
similar material had also been fith'd to 
the journals of tlie MiU’cech's-lkmz D.B. 



Fig. 13.—Depth of nitriding on 
Junkers Jumo 21 IF 1. 


60IN crankshaft, as sliown by the half 
section. Fig. 11. 

It was also noticed tliat oil liot's on 
the journals of the D.B. 601N crank- 
sliafb had b(‘('n moved circumf(‘r(‘iitially 
120° or 180°. 

Both tliese cranks} lafts of R(‘y)orts Nos. 
19 and 8.5 carried a spring drive', which 
is shown witli the^ crankshafts in ])hoto- 
graphs (Figs. 2 and 3), and one' of tla'in 
is shown dismantled in Fig. 1 (h 

The two Jumo 211 F. 1 cranksliafts 
W(‘re of similar de'sign and w('r<' of 
unusually he'avy construct ion. The* rad ii 
of botli pins and journals wen' most 
ge'nerous. The* pins and journals liad 
been chamben'd, and th(' pins liad been 
bon'd eccentrically as with tlir e'arly 


TAP.LE II.—:xiECn.V]sICAL PROrEllTIBf? OF a'lII'I CR^VNESnAEI’S. 


Report Xo. 

1 

i;{ 

X 

.Tniikers .Tumo 211A . 

R.MAV. Rear half .... 

rr rAimritisKo. 

Max. Stress, 
I'ens/sq./in. 

Mlonmitioi 

20-8 

J9-(l 

J'/od lirij), 

44 

Rraino F.323R—Rear half . 


73- 

1 s ■ r> 


82 

I'iiit—Front lialf, A.8n,R.O. 41 


74- 

2(.' -4 

18, ->I 

19 

8r> 

Mercedes-RcnT: D.n. (>01A 
-Mercedes-Heiiz J).i!. CORN _ 

CARHCUISKI). 

.S4-U 

I <) ■ •> 
17'") 



JJ.M.W. mi'K—Fnint half .... 


81 •« 

19 • C 



linuno F. 3231’—Front half .. 


8t)-7 

if-3 

4It’ 111 

124 

Jumo 211.F,1 

XlTKlDKI). 

7o-i) 

Kl-i) 

lu, 11 

1.'52 

Jumo 21],F.l 


«7-(l 

18-5 

18’ U) 
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Iteduced to f linear on reprodiictinn. 

Figs. 14 and 15.—Comparison of the nitrided cases of two Junkers 
Jumo 211F 1 crankshafts. x250. 


Jumo crankshaft. Each of the added 
balance weights was in one piece, 
rivfited to the crankshaft. 

Evidence of hammering and local 
grinding or dressing after hammering 
was found on several web faces of both 
crankshafts. One of these is shown in 
Fig. 17. It will bo remember(‘d that 
tlies(‘ two cranksliafts had b('en nitrided, 
and it has bc'en suggested that distortion 
iiad occurred during nitriding, and 
that th(' hamin(wing w^as a part of a 
straightening operation. 

All th(‘ crankshafts from tlu* radial 
engiiu'S caiTi(Ml attaclied balance 
wf'ights, wbieh in the IhM.W. 132Kan'} 
Fiat A HO R.(A41 liad hvcn riveted, 
(s('(' l-ihg. 18, showing th(> r<.‘ar half of the 
BM.W. 132K crankshaft after <lis- 
inainlinv), but the bahuice weights of 
th(‘ Brarno Fafnir 323P ci*anksiiaft had 
been })oll,e(l (sec* Figs. 19 and 20). 

With the exc<']hion of the Fiat 
A. SO.ll.t'. 4-1 crankshaft in the con¬ 


struction of which a brass casting has 
been used, all the balance weights were 
carbon steel forgings riveted with mild 
steel, but the holts on the Bramo 
Fafnir 323P crankshaft were in alloy 
steel. Those on the front half, ser^ Fig. 
19, W('re of 2.]% chromium-molybdtauim 
steel, and those in the rear If^^ nickel 
2% chromium with molybdenum. Tlie 
latter bolts had heiai nitrided witlioiit 
(*mbi‘ittlom('nt. 

The two halves of the Bramo Fafnir 
323P crankshaft were' conneet(Ml by a 
Maneton joint, as sliown in Figs. 8 and 
9. Tlie Maneton bolt had l^ec'ii bored 
out and very fiindy fiihshcMl, and was of 
the following composition ; 


Ourbon . 1 1 • Ui 

Chromiiiin . 1 m>S 

MolylKlcnum. ()•:!(! 

ViuiadHiui . 


lu'at'tHeated to 89 tons tc'nsih^ sli‘('ngth, 
with an ('quivalimt Izod figur(‘ of 
23 ft.-11). Th(‘ nut was nuuh' from a. 
chromium - molylxh'mnn sted 






Fig. 16.^ 

Dismantled spring 
drive for Mercedes- 
Benz crankshaft. 



hardcm-tl and tompcrod to abont 70 tons 
sti'C'ngtli, and a washer was of 
boiyllinm-cojDper, having an eqniva- 
lent tensile strc'ngtli of about 65 tons 
])er sq. in. 

Among the auxiliary parts examined, 
the starter shaft (Report No. 29) fitted 
to the rear iialf of the B.M.W. 132K 
crankshaft was of special interest. The 
overall length of the shaft was 13|-in. 
and 1 in. diameter in the shaft portion. 
Fig. 21. ' 

Tne chemical H7ialysis was as fol¬ 
lows 


tVirhoii .. (I-IS 

MiUi gill lose. 1-07 

Xickol. D-lS 

Ohroiniiim . l-*2(5 

Molyl.idt'iium. 0-27 


Both (Olds of the shaft had been 
fornu'd by an upsetting operation, and 
both spliiK'd portions and tlu^ liand- 
start('r dogs had bium locally carbuiiscal. 
Subseqiu'iitly, th(' sliaft as a whole had 
been givf'ii a cas('diard('ning heat- 
treatnnmt involving a final quench in 
water from about 800'^ As a residt 
the carburised portions w('r(‘ fully eas(‘- 
hardc'Ued, and the sliaft sliow(‘d a hard¬ 
ness gradation having an (‘(juivatait 
t(msil(‘ stri'iigth of 100 tons pin* sq. in. 
at th(‘ surface to 72 tons ti'iisih' at the 
axis. 

General Conclusions 

The examination of siweral erank- 
sliafts taken from (Jernuin and Italian 
ai'roplane ('iigiiK's lias not disclosod any 



Fig. 17.—Evidence of hammering and 
local grinding found on web faces of 
two Jumo 21 IF 1 crankshafts. 


novel featuri's of design, but lias shown 
that they wc'H' ina(l(‘ from niati'irds of 
first-rate cniality. Tli('n‘ lia.s lieen no 
evidence to indi(dit(‘ any sliortagi* of 
alloying iiK'tals. 

d’lu' ('arly .lunkers dumo six-tlirow 
cranks]laft and tiirei' otlau's (pioted 
on pag(' 12 were not easi'-hardined, 
but tlie ri'inainiuLC cranksiiafts had 
IxH'U cas('-lia.!‘(leiied aftia' ear'ourising 
till' pins and journals, and only the 
most recently examined duino 21 IF 1 
crankshafts had Ix'fai niti'ided. It 
is surprising that th(' (‘iK'iny should 
have b('eii so slow to rt'alise the 
ad\'aiitag('s of nit riding. 

Th<‘ crankshafts apjK'ar to have hmi 
mad(' by droji-forging in a nianiier 
similai* to that ('iiiployi'd for' aero crank¬ 
shafts ill this country. .Most of the six- 
throw crankshafts had heiai fitted witii 
separate halanee weights, and it is 
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Fig. 18. ™ Rear 
half of B.M.W. 
132K crankshaft 
dismantled, 
showing riveted 
balance weight. 




thought that the object of this was to 
simplify the drop-forging process, which 
is always more difficiilt with large 
integral balance weights than with tho> 
much lighter type provided on most of 
these German components. We assume 
that, in some eases, one die operation 
might be saved by adopting the German 
design, but on the other hand machining 
pi'ocesses would be increased, and it is 
]:)robablo that the final crankshaft is 
less satisfactory than one in wliieh the 
balance. w(Mghts are integral with the 
rest of tli(^ sliaft. Figs. 19 and 20 
illustrate the complicated machining 
proc('ss('s for bolts and balance weights 
whieli would b<' m^ces.sary in the pro- 

Fig. 19, Front half of balance weights 
of Bramo Fafnir 323P crankshaft 
dismantled, showing bolt fixings. 


duction of the German type of radial 
craiiksliafts, whilst Fig. 18 illustrates 
i1k‘ ])i-oeess('s required in tiie case of a 
radial crankshaft (B.M.W. 132K fitted 
with s('parai(‘ balance w^eights). 

An. interi'sting tlesign feature wliich 
differs from any British practice of 
which we have' knowledge is the joint 
betwf'en front and roar halves in the 
B.M.W. 132 k' ma-okshaft. 

The reason for 
t li e p e c u li a r 

design of the 
Italian Fiat A. 80. 
R.C.41 crankshaft 
is not known with 
any certainty, but 
it seems probable 
tnat the intention 
has been to avoid 
the Maneton type of joint, of which 
tiiore would usually be two in a 
double row engine. Assuming that the 
large diameter coupling in the centre is 
used as a bearing, however, the possi¬ 
bility of very high peripheral speeds 
seems likely to be a disadvantage. It 
should also be noted that the Italian 
design necessitates the employment of a 
split master rod as compared witli the 
solid-ended rod, which can be used with 
the Maneton joint coupling. 

The heat-treatment in most instances 
had been (‘ff(‘ctively performed, but two 
cases of overheating for final hardening 
were found, and an excessive nitriding 
l.('mperature also a])peared to have b(Hui 


Fig. 20.—Rear half of balance weights 
of Bramo Fafnir 32.^P crankshaft. 
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Fig. 2i.—Starter shaft fitted to the rear half of the 
B.M.W. 132K crankshaft. 


used for one of the Jumo 21 IF 1 
cranki^liaftrt. 

Mechanical testing revealed high 
values for duclility and toughness 
commensurate with the tensile strength 
of the materials except for the two 
nitrided crankshafts. In these the 
impact values had dropped from an 
oiigin£il estimated figure of 70 ft.-lb. to 
as low as 10 ft.-lb. It should be noted 
that, in our experience, the steel could 
not be classed as a satisfactory nitriding 
steel. 

Some interesting features weie found 
in the Bramo Fafnir 323P crankshaft, 
which was constructed with a normal 
type Mane ton joint. The Manetoii bolt 
was of unusually high-tensile strength 
<89 tons/sq. in.), and a beryllium-copper 
washer was used in conjunction with the 
nut, the latter being hear-treated to 
■70 tons tensile strength. 

The conservation of oil by rolling in 
tubes of mild steel into the chambered 
pins of the Mercef»es-Benz crankshafts, 
forming an annular space, was of 
interest. 

The two Jumo 21 IF I six-throw 
■crankshafts most rc'cently examined 


were the heaviest acuxjplaiu' ernnkshafts 
we hav^c yrh seen, and all the radii were 
exceptionally generous. 

In most cases the workmanship was 
of a high order, and in this respect the 
only exception which could be made was 
the very severe hammering for straight¬ 
ening which had appart‘ntly berai givx^n 
after nitriding to the twf> Jumo 2111" 1 
crankshafts. 

The series of G('rrnan crankshafts 
seems to incIad(^ tiirer^ stag(‘s of d(‘V(Iop- 
ment, corniiKmcing with a non-hardened 
type and passing through a eax‘l>uri.s(‘d 
and cas(*-har‘d('n('d typ(‘ to t}H‘ two 
nitrided sliafts, whieli were the last 
examined. It is most surprising in view 
of th{‘ liking shown by tie* (hu-maiis for 
tlie 2.5% chromium-moly})(l(‘num steel 
in other directions, tliat a similar st('(I 
had not been (Mnploy<'d for any of th(‘ 
aero crankshafts d(‘alt with in tliis 
report. Sine(‘ this summary was issued 
several exam])les of crankshafts in such 
st('('l luiv(' h(‘eii found, l)ut. tin' 
adoption of this st(‘el seems to have: 
proeeeded in (h rniany much inota^ 
slow'Iy tha.n in Britain. 
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Section III—Connecting Rods 


■'HE nine engines examined included 
seven types of German rods and 
one Italian, two of the them being in 
the nature of duplicates for checking 
purposes. 

Types of Rod 

Three of the engines (B.M.W 132K. 
Bramo Fafnir 323P, and Fiat A. 80 R.C. 
41) were of the radial type, involving a 
“master” and auxiliary rods. In each of 
the other engines (Jiimo 21 lA, B 1, F I, 
and Mercedes-Benz D.B. 601A and D.B. 
OOIN) there were two types of rod, one 
having a single “ big end ” and the other 


a double “ big end,” one of eacli t^^^pe 
worked together on one pin, as seen in 
Fig. 25(a). The types illustrated in 
Figs. 22 to 27 were as follows:— 

Fig. 22.—Jumo 21 lA (Report No. 4). 
Fig. 23.—lumo 211.F.1 (Report No. 
115). 

Fig. 24.—B.M.W. 132K (Report No. 
14). 

Fig. 25.—Mercedes-Benz D.B. 601A 
(Report No. 21). 

Fig. 2(5.—Bramo Fafnir 323P (Reports 
Nos. 41 and 42). 

Fig. 27.—Fiat A. 80R.C.41 (Report 
No. 81). 


Fig. 22a.—Jumo 21 lA, double “ big-end ” rod. 
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Fig. 23b.—Jumo 211F 1, single “big-end” rod. 



Fig. 24. B.M.W. 132K. 
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Analyses 

As regards composition, steels were 
■either 2/2 nickel - chromium - molyb- 
<lemim steel or 1 to U chromium- 
molybdenum, except in the Italian 
engine, where the materials were of the 


2h nickel-chromium and nickel- 

chromium-molybdenum types. One 
later tyjDe of Jiimo engine (F.l) (Report 
No. 115) was found to be more of the 
2|/1:} nickel-chromium type with both 
molybdenum and vanadium. 


Fig. 25a.—Mercedes-Benz D.B. 601A, two rods on one pin 












Fig. 26b.—Bramo Fafnir 323P, auxiliary rod. 
Fig. 27a.—-FiatA. 80R.G.41, master rod. 


Fig. 27b.—Fiat A. 80R.C.41, auxiliary rod. 


Fig. 26a.—Bramo Fafnir 323P,~master rod. 
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The bolts were of similar composition 
to the rods, except in the Mercedes- 
Benz D.B. 601A and the later Jumo 
21 IF 1 engines. In the former the bolts 
wore made from a low-carbon 4i% 
nickel-chrominm steel, case carburised, 
while the latter approximated to 2^-% 
chromium-molybdenum. The nuts were 
essentially chromium - molybdenum 
steels with the exception of one 1^% 
nickel-chromium steel. 

Other auxiliary parts consisted of a 
stud for locking purposes of 3|% nickel- 
chromium steel, nitrided wrist pins of 
2|% chromium - molybdenum steel, 
a roller race and roller bearing of 
high - carbon - chromium steel, and 
a bearing shell of low - carbon steel 
lined with lead bronze. Details of 
compositions and mechanical tests are 
given in Table III. 

Mechanical Tests 

In general, the maximum stress 
values were betwef-n 65 and 75 tons per 
sq. in., although the later Jumo 21 IF 1 
single rod, already mentioned, had 
a tensile strength of 83 tons per sq. in. 
The Fiat rod and one German rod were 


in the region of 60 tons per sq. in. The 
hardnesses on the siufaces showed 
appreciable variation, and on oae of the 
Fiat rods a zone of lower tensile strength 
gave only 53-9 tons per sq. in. The 
ductilities accompanying the tensile 
strength were all of a very l iigh standard, 
e.g., 20% elongation and upw’ards for 
65 to 75 tons per sq. in., with Izod values 
generally above 50 ft.-lb., and in some 
cases up to 80 ft.-lb. 

Manufacture of Steel 

Cleanliness was in most cases of a very 
high standard, and no marked deteriora¬ 
tion in the quality of the later Jumo 
engine materials was observed. Of the 
33 samples analy.sed for sulphur, 16 gave 
values below 0- 01*^0 H others below 
0 - 020 / 0 . 

It is concluded from the general 
analyses, cleanliness and results of gas 
analyses, that the steels are essentially 
basic electric steels. The rods of the 
Mercedes - Benz D.B.601 N. and the 
B.M.Mk 132K (Reports Nos. 86 and 14) 
were of less clean steel, and these may 
have beem made of acid open Inearth 
steel. 


Fig. 28a.—Flow structure of Jumo 211A single big-end rod. 



Fig. 28b. Flow structure of Jumo211A double big-end rod. 
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J 

Fig. 30b.-Flow structure of Mercedes-Benz B.D. 601A double big-end rod. 

22 


Fig. 29a.—Flow structure^of B.M.W 
132K master rod. 




Fig. 31a.—Flow structure of Bramo 
Fafnir 323P master rod. 


Fig, 32a. -Flow structure of Fiat 
A.80R.C.41 master rod. 


. 32b.—Flow structure of Fiat A 80R.G.41 auxiliary rod. 





Accessories 

Those are dealt witli imdor the head¬ 
ings of Wrist Pins and Bearings. 
Details of bolts and nnts are given in 
Table III. 

General Remarks 

The chief features learned from these 
rods are 

(a) Preference for two of com¬ 

position, 2/2 nickel-chromiiim- 
molybdemim and chromiiim- 
molybdennm steel. 

(b) High standard of cdeanliness with 

resulting good mechanical pro¬ 
perties—i.e., liigh diicility and 
impact for 65 to 75 tons per sq. 
in. condition. 

(c) No deterioration as regards 

quality had occurred in the later 
Jumo 21 IF 1 engine parts (Nos. 
115 and 126) belonging to planes 



Fig. 16.—Microstructure of Fiat A. 80 
R.G.41 master rod. x 200. 

shot down in September and 
November, 1941. In the case of 
No. 115, a modification had 
been brought about by the 
addition of vanadium. 

The relatively high copper content 
of the Jumo 211.F.1 single big end 
and bolts (Report No. 115) is interesting. 




Section IV—Gudgeon Fins and Wrist Pins 


gudgeon pins and two wrist pins, 
representing six German engines 
and one Italian, were examined. Table IV 
summarises the investigations carried 
out on the gudgeon pins, while Table V 
similarly deals with wrist pins. 

A.—GUDGEON PINS 

Visual Examination 

The surfaces of the pins were charac¬ 
terised by two Or three well-defined 
brown circumferential markings, com¬ 
posed of a slight deposit—probably of 
carbon, with several less distinct rings 



Fig. 38,—Gudgeon pins of Jumo 
2nA. 


between them (s(m‘ Figs. 38 and 39). 
Owing to a shortei* length of s('r\'ice tlie 
pins from the M<TC('des-Benz D.B. (iOjA 
and D.B. fiOlN engines (‘xhibited briglxt 
bands. The surfaces of tlie pins sIiow(‘d 
a well-lapped finish, which had become 
scratched in service. 

With the exco'ption of the pin from 
the Mercedes-Benz D.B. fiOlN engine 
(Eeport No, 91), all the pins showed 
eccentricity of the bore, which varied 
from one-half to se\'en-thousandths of an 
inch with respect to the external 
diameter. The dimensions are shown in 
Figs. 40 to 46‘. 




Fig. 39.—Gudgeon pin of dumo 2111' 1 
(Engine 334). 





Fig.41.—Jumo 21 IF 1 
gudgeon pin (Engine 
334). 


Fig. 42. -B.M.W. i32K 
gudgeon pin. 


Fig.45,—Mercedes-Benz 
D.B. 601A gudgeon pin. 



Analysis 

Hix of tli(‘ pins wf'ro made from 
carimrlsin^, tlir(‘(? from nitriding, and 
one from din'et-liMrdt'uing steels. Thre(‘ 
of tlu‘ carburising stcMds contaiiu'<l 
iiick('l, chromium, | molybdenum, 
and th(“ otlicM- t]ire(‘ containe<l 
chromium, moiybd(‘num. Two of 

tlu' nitrid('d pins were niadt' from 2.V\) 
chromium-molybd('num st(‘<‘l, ami the 
oth('r from li‘\, nickc'l, 1-i^’o chromiimi, 
molylxhnium, and 1 aluminium 
steel. The uniformly hardened steel 


contained 0- 50‘5'o carbon, 1 chromium, 
an<l -|-% molybdenum. 

The low sulphur and phosi>horus aiul 
comparativ('ly high nitrogen contents 
indicate that all the steeds w('re mad(‘ by 
th(' basic electric-arc process. 

Grain Size 

The grain size of th(‘ stinds from wdiich 
the pins weri‘ producu'd vari<‘<l from 
medium to fiiu'. 

Magnetic Etch Test 

With tlu- exception of th(‘ })in from 
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Fig. 46.—Mercedes-Benz D.B, 601N 
gudgeon pin. 


tlie Bramo Fafnir 323P ongiiK*, all tlio 
pins wer(' froo fi'Oin cracks or otlun- 
defects which would bo revealed by 
magnetic etcliing. Tlie Bramo Fafnir 
pin, however, showi'd 15 longitudinal 
streaks associate<l with inclusions, tin* 
maximum h'ngtb bcung Ic in. 


Sulphur Prints 

All th<‘ pins itj)])('a.r('d to b(' fr<>(> from 
segregation. 

Macro scopical Examination 

Th(‘ macrostructure showi'd g(‘n<’rally 
a well-defm(‘d uniform flow of nuhal, as 
typified by Fig. 47. 

Hardness Tests 

Diagrams and curves showing the 
surface and (h'ptli liardiu'ss of the pins 
are giv(‘rL in Figs. 4S to elk The pin 
from th(‘ Italian Fiat A. .S()R.C.41 
(‘UgiiK* showe<l a fairly uniform bard- 


TATtLlO IV, 


R«port^ 

No. 

Type of Kiigino, 

C. 

Si. 

Mn. 

1 

p. 

Ni 

er. 

Mo, 

V. 

Cl I. 

Al, 


Jumo 211A—Pill No. 1 ... 

0-155 

((•30 

0-11 

()-()0S 

0-012 

2-10 

2-21 

<1-225! 

'I'raee 

- 

<)-()10 


Pill No. 2 ... 

U-l(i 

n-2(J 

0-14 

O-OlO 

U-Oll 

2-IS 

2-07 

(l•2^ 

Trace 

- 

<)-(ilO 

J17 

Jumo (KiiKine lilU) 

No. 1.. 

U *20 

0-:!3 

0-1)0 

()-01(! 

0-007 

0-;!7 

1-16 

0-20 

Trace 

__ 

<1-010 


No. 2. 

0 -22 

- 

0-SK 

- 

“ 

- 

1-1 1 

(l•20 

- 


- 

Jl'7 

Jumo 211.P.l (Pnyiiio oil) 

U-IU 

0-28 

0-46 

0-0 Hi 

0-0 u; 

1-1)6 

M)1 

<1-21 



(1-007 

16 

B.M.\V.'132K;. 

0-2r) 

()-S« 

O-oS 

n •()()(> 

0-00» 

o-io 

2-58 

0-21 

0-<)8 

1 

0-105 

o-ooi; 

I'iJ 

Mercedes-Poiia D.B. 601A 

ii-ni 

(>•21 

U-H4 

0-()()7 

0-001) 

1-81 

1-55 

_ 

0-23 

Nil 

l)-08 

1 -02 

111 

Mercedes-Benz B.B. (JOIN 

0-28 

0-27 

0-5!) 

0-010 

0-001) 

0-28 


<l'22 


0-15 

<)•()< 15 
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Bramo Pafnir ;i2:iJ>. 

0-21 

()-2r) 

()-9:i 

0-010 

0-012 

0-26 

1-12 

0-25 

_ 

Nil 

0-1J5 

Trace 

! 

78 

Italian Piat A. SUB.t’.ll 

f)-r>o 

U-21)5 

0-65 

0-0 i:i 

0-014 

0-12 

1-10 

<)’2U 

Nil 


o-oi:i 


(B.R.20 Aircraftj, 












'r.VlihJO V. - 


Beport 

No. 

Tyiie of Biigiiie. 


Si. 1 

Mil. 

S. 

1*. 

Ni. 

er. 

Mo. 

V. 

1 

i 

AI. 

14 

ICM.W. 132 K. 

0*27 

0-42 

0-67 

0 -005 

0-<IU6 

0-15 

2-51 

o-H) 

Nil 

j i)-l)K 


42 

Bramo I’afiiir ;(2r)l’. 

n-;ti 

<l-;!3 

0-81 

O-IXU 

O-IXif) 

0-26 



'IV.ice 



80 

Italian Fiat A. 8UH.e.41 

0-52 

0-2 75 

o-r,;5 

0-008 

0-1)0!) 

0-05 

I -01 

O’K; 

1) - ii:; 

Nil 

O-OO!) 


30 










BOSS ot 550/571 V.P.N. tliroiiglioiit the 
si'ction. TJie carburised pin.s showed 
ikirly or very tmiform surface hard- 
jiess values, but the hardness of the 
uitrided samples decreased, or became 
i]Tegi7lar towards the ends. The Iiard- 
uess of the ends of the pins showed 
no consistent I’elationship to tlac case 
or bore hardness, and the resiilts are 
summarised as follows ;— 



Engine Type. 

Junkers Jumo 211A (1). 

Junkers Juno 211A (2) . 

Junkers Jumo 211,E.l (Engine 334)_ 

Junkers Jumo 211.F.l (Engine oil)_ 

H.M.W. 132K . 

.Mercedes-Benz D.I5. fiOlA . 

Mercedes-Benz B.B. OOIN . 

Bramo Eafnir 323P. 

GUDGEON PINS, 


Karjness on End. 

Equal to core hardness. 

Equal to core hardness. 

Equal to core hardness. 

Equal to ease hardness. 

Higher than case hardness of hearing surface. 
Very irregular. 

(Jeiicrnlly lower and irregular. 

Bower than core hardness. 


Fig. 48.— 
Vickers hard- 
ness tests, 
30 kg. load, on 
Jumo 211A 
gudgeon pins. 
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M.S. 
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Core. 

Sil 

-- 
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Carburised 
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Carburised 

90 -0 

23 -0 

61-5 

(102—742 
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Outside 
0 -032 
Inside 
0-02l> 

2—5 

.Mainly 4 

Nil 

Trac(‘ 

0-()12 


Xitrided 

1 

81-0 

19 -0 

(JO-0 

80(1—900 

380 

Outside 
0-0 Hi 
Inside 
0-017 

t") — 0 

Nil 

'I'racc 

0-012 

O-OOH 

Xitrided 

78-5 


58-8 

901) 

370 

0-021 

T) — (i 

Nil 


o-o(ja 

O-0O8 

Xitrided 

80 -0 

21-2 

(53-5 

771—870 

37(1 

Outside 

0-022 

Inside 

0-015 

5—(J 

Nil 

(l-dl 

0-012 

0-00.35 

Carburised 

ill -9 

19-0 

59 

700 

410 

0-02S 

Mainly 5 

Nil 


0-010 

o-oo:’. 

Uniformly 

hardened 

— 

_ 


r>5( 1 - 

-571 1 

— 

3—5 
Mainly 4 


i 

1 

1 

1 

Media 

ideal Properties 

Diamond 

W. 

1 

Ti, ■ Nitrog(-n. 


Surfai-e 

'rn-atment. 


(Core). 


Hardness. 

M.S, 


H.A. «'<. 
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- - j 0-(ll() 
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0 -uolf) 

i 

Cyanided 

-- 

- 

- 

.s(i;) -87(i :!s;i 

■ 

1 ‘ 
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0-1)034 
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Fig. 47. 

Macro-structure of 
longitudinal section 
of B.M.W. 132K 
gudgeon pin. x 16. 
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Fig. 49.—Vickers hardness tests, 
30 kg. load, on a Jumo 211F 1 gudgeon 
pin. 
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Fig. 50.—Vickers hardness tests, 
30 kg. load, on a B.M.W. 132K gudgeon 
pin. 



On Circurriference am 
862 


B9V 897 885 VW 

9o‘i 89V 95S 897 

ttVU 


Fig. 51.—Vickers hardness tests, 
30 kg. load, on a Mercedes-Benz 
D.B. 601A gudgeon pin. 
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Fig. 52.—Vickers hardness tests, 
30 kg. load, on a Mercedes-Benz 
D.B. 601N gudgeon pin. 


The liardiK'ss gradient across tlie eas(*- 
liardencd pins was fairly regular, but 
the liardiLoss at the inner surfac(‘s 
showed no consistent lY'lationshi}) to the 
outer case or core hardness. The res\ilts 
are s\nnmarised as follows ;— 


712 707 697 700 70Z 697 701 704 ^<>7 

7 oV ^ 0^1 I TOZ| 


Fig. 53. Vickers hardness tests, 
30 kg. load on a Bramo Fafnir 323F 
gudgeon pin. 


Engine. 

Typ(( of Case. 

.Tunkers .Tuino 211.A. (1) . 

Carburised 

Carfnirise(( 

Carburised 

Carburised 

Junkers Jumo 2riK.l (Engine HIM) 
.Tuukers .luiuo 211.I’M (Engine 514) . 

Ti.M.AV. Ik-Jlv. 

Xitrided 

Mercedes-Hen?; I).11. (tOlA 

Mercedes-Jlenz T).H. (10IN' 

Mitrideif 

Xitrided 

Bramo Eafnir .‘S2;TP 

Carburised 


Kartlnc'sri sit Tuner SurfuncH. 

Tii(ini:is(*<l tuwards hurc. 

riicn;!is(>{] towiirds liurc. 

Tiiun-iiscd towards b(;rc. 

Increased tow'iirds boro, linidiuut siinil.ir o that 
at outitr surface. 

Jiujrcasud towards liorc. (iruclicnt ciiiud t (frit 
at outer surface. 

Sliirlit decrease at liore surface. 

Markeil increase at tiore surface (iradieut steeper 
than tfiut at outer .surface. 

.Marked decrease at t»ure surf:. 
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Dia. 


900 



I-1-1-!-1---1, 

0 005 O-iO 015 OPO 0P5 

Distance from Outer Surface in inches. 

Fig. 54.—Depth-hardness curves of 
two Jumo 211A gudgeon pins. 
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Distance From Outer Surface m Inches. 

Fig. 55.—Depth-hardness curve of a 
Jumo 21 IF 1 (Engine 514) gudgeon pin. 


900, 



Oistar\ce. from Outer Surface h Inches 


Fig. 57.—Depth-hardness curve of a 
Mercedes-Benz D.B. 601A gudgeon pin. 



8oo] Fig* 58.—Depth-hardness curve of 

a Mercedes-Benz D.B. 601N gudgeon 
pin. 


500 


350 


■OS •/ 


75 -2 ZS 


Distance, frorn Outer Surface ri Inches. 

Fig. 56. Depth-hardness curve of a 
B.M.VV. 132K gudgeon pin. 


Microscopical Examination 

[<i) Cleanness .—Nono of the steels 
from which tlie pins was mamiPictured 
W('r(' <‘qual to tin* British standard of 
ch'aiiiiess in steeds nse'd for this ])articu- 
lar component. The main types of 
inclusions consisted of su]phid(‘s and 
silicate streaks up to 0-020 in. in lengtli, 
bnt in th(‘ pin from the Branio Fafnir 
323P engine inehision streaks np to 
lil in. wt'H' foimd. 





Distance, from Outer Surface n Inches 


Fig. 59.-—Depth-hardness curve of 
Bramo Fafnir 323P gudgeon pin. 



Fig. 60.—Core structure of Jumo 211A 
gudgeon pin. x 300. 


(6) Microstruct'ure. — Tlip follovvinj 
observations were made ;— 

.Tunkorrt .Tamo‘J1 L\. . 

JuiiktTs .luTno li'Il.F.l (.Kiififinf al-l). 

.Tunkia-H .Tamo L'Jl.F.l ri'’iif?iap ‘XU) . 


liouK IT.Ti. (>(llA. 


1 fs -.1 ieiiK B.'I i. (iUJX 

Jinano T'cifair . 

ItiiUiin Biut A. 80H.C.41 , 


Figs. (10 and (il illustrate the strue- 
tur(‘s of two of th(‘ pins (‘xainiiuHl. 
structure, 

. ) Fine innrteiirtitio (v.ise \Vith some free enrhiiie 
. ) Core slitfhtly (M»ars(; and aeiculiir. 

. Similar to alxive l>at iio free (‘arbide ia eaM'. 

(;ase fairly (a>ars<“ aciealar straetare witli 
marked iiitridi* ami caiTiide network, (’ore, 
line sorbite. 

('use showed coarse iudcalar straetare with 
inarki'd earbide and aUride network. Case 
brittle. Cure, line sorbil<-. 

Similar to 1).I5, (]()l.\. Iiut carbide and nitride 
network oidy slik'ht. 

(!eii(*rally lint' structure wit li some fri'c earbiiie. 
Itaier face markedly deeartiarised. 

Sliyhtly l)anded structure; dense sorbite 
Imvili}' mottled appearance. 



Fig. 62.—Wrist pin of Bramo Fafnir 
323P. 

B.—WRIST PINS 

()nf\’ thnu' wrist pins wen* (‘xamiiK'd, 
oiu' from a B.M.\\\132K ('ugintt, fine 
from a Bramo Fafnir 323 type, and a 
third from tlu' Italian Fiat A. 8()R.(\4I 
engint'. Tlu' rc'sults an' suimnansf'd in 
Table V. 



Fig. 63. Wrist pin of Fiat A. 80R.C.41. 

Appearance 

d’lu' surftic*(* finish of (“ach showt'd a 
smooth lappt'd a]>jM':irancf. wliilst on 
tli(‘ iK)nd)('aring siii’faccs of tin' Ocrnian 
pins there was a dai’k-hrown deposit. 
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Fig. 61.—Structure of Mercedes-Benz 
D.B.601N gudgeon pin. 

Two t‘xuniplos arc illustratod m Figs. 
62 and (i3. 

Analyses 

The German pins were made from 
2^% chromium-molybdenum steel, and 
the Italian was of I",, chromium- 
inolylHleniim. 

Hardness 

The high surface hardju'ss of tlie 
(}(M-nuin ])ins indieat(Ml a emse-hardening 
tr(‘atiueiit, and this was confirnK'd by 
lat('r examination. Figs. (U an<l (55 



inches j^rxntn Out side. ftjLCS 


Fig. 64. Diamond hardness across 
section of wrist pin of B.M.W. 132K. 


show the surface and depth hardness 
characteristics of e'acli type. The Italian 
pin, however, had been made from a 
direct hardening steel with no surfoce 
treatment, and was of uniform hardne.s.s 
throughout—i.e., 550/570 D.H. 

Sulphur Print and Macro 
Examination 

As was to be expecttxi from tlie 
sulphur cont(uits of tlu‘ steel—viz., 
0-004 and 0- OUo^o the 132K 

and Bramo Fafnir 323P engines, rc‘spec- 
tively, and 0-008‘‘o 
A. 80R.Ch41,—tlie sulpbur jaints on a 
longitudimil si-ction of (-ach s1iow(m1 
very litth- in tlu- way of sulpliidr 
markings. Maero-(-xamin<itioii ])i(‘st‘ntcd 
no unusual fi-atiin-s. 

Microscopical Examination and 
Grain Size 

Th(' following inelusion counts ^Fox 
nu‘tho<l) w(‘r(‘ u-cordt'd on tlio Gt-rnuin 
pins :— 

B.M.W. I32K . . . . 3S 
Ih-aino Fafnir 323P 33 

In all tin* steols (‘xanuiu*d tin* cloan- 
iif'ss was be'ow Jh'itisii Standards. 
core .structures wi'ri* sorbitic in all three 
instanc(‘s. 







Fig. 66.—Structure of B.M.W. 132K 
wrist pin. x 100. 


Fig. 67.—Structure of Bramo Fafnir 
wrist pin. x 100. 



Examination near the snrfa.ee of tlaj 
German pins confirmccJ that cas(‘ 
hardening has be('n cairi(‘<l out, but 
showed that whilst the B.M.W. 132K 
pin had been subjected to a eyaniding 
treatment the otht^r pin (.Iharno F^afnii- 
323P) had been nitrided. Th(‘ forinrr 
was cyanided both on tlx* outsider and 
the core, but tlu' liraino Fafnir 3231^ 
pin was nitridcxl on the outer surface^ 
only. The B.M.W. 132K ])i’es(‘nted a 
reasonaoly fine structure witii a ratlu'r 
promin(‘nt network on the eor(‘ eas(‘, 
wVnlst in the Bramo Fafnir 323P the 
structure of tin* ea,s(‘ was geta'inlly 
uniform. (Figs, (hi to (>«.) 

Fig. 68.—Structure of 
Fiat A. 80R.C.41 wrist 
pin. X 300, 





Section V—Cylinders and Cylinder Liners 


aero-engine cylinder and 
cylinder , liners examined 
classified as follows 

Liquid Cooled 

Report No. 3—Junkers Juino 211A 
(see Fig. 69). 

,, 97--Jiimo 211H (see Fig. 

70). 

„ 116—Jiimo 211.F.1. 

125—Jumo 211.F.1. 

„ 48—IMercedes - Benz D.B. 

601A (see Fig. 71). 

Air Cooled 

Report No. 12—B.M.W. 132K (see Fig. 
72). 

„ 45—Bramo Fafnir 323P. 

„ 79—Fiat A. 80R.C.41 (see 

Fig. 73). 

„ 133—B.M.'W.801AL 

With the exception of the Italian 
cylinder (Report No. 79) all were of 
(lernian inanufaeture. 

The machining of th«' cylinders was 
good, and the bore surfac(‘s liad becm 
fiiK'ly finislied, probably hian'd; only 
two of th(‘ samples, the J\iino 211A 
cylinder (Report No. 3) and the 
M(TC(>d('s-B(‘nz D.B.dOlA (Report No. 
4S), show(*d any pronounccul scoring. 

TIh‘ Italian Fiat A. 80R.C.41 cylinder 
was O-.oO caiLon steel, but the Cerinan 


cylinders and liners had been made from 
a 1 eliromium steel, with the excep¬ 
tion of B.M.W. 132K (Report No. 12), 
which consisted of a 1 *^0 chromium steel 
with low molybdenum. In all the other 
steels the presence of molybdenum and 
nickel appeared to be accidental. 

The sulphur and phosphorus contents 
of the Fiat cylinder were 0-034% and 
0-017®o respectively, and this steel had 
evidently been made by the open-hearth 
process. The cleanness was only 
reasonably satisfactory, and a Fox coimt 
of 107 was obtained. A micrograph is 
shown in Fig. 74. 

The sidphur and phosphorus contents 
of the German cylinders and liners 
ranged from 0-005% to a maximum of 
0-031%, but even so it seemed likely 
that these steels were made in the basic 
electric furnace. They were classed as 
clean to reasonably clean, and a tyq)ical 
micrograph is shown in Fig. 75. 

Hardness and Tensile Strength 

All the cylinders were of imiform 
hardness wdth no surface hardening of 
the bore. Tensile tests were taken from 
some samples, and from others the 
equivalent strength was determined 
from the hardness figures. The B.M.W. 
132K cylinder (Report No. 12) gave a 
tensile strength of 07-6 tons per sq. in.. 


TVHLK VI.—CHKMIC.\r. ANALVSKS. 




Ni, o;- 

Cr. 

Mo, %. 

!<<). I.lyni) COOLKI). 

.liiino L' 1 i A. 

n-n 

n-is 

l-4t) 

0-(l8 

iu .luiiio uiru . 


0-05 

1 -4;; 

o-u:i 

IK; ./uino I'lI.F.l . 

0-47 

0-0'J 

1 -49 

0 -o-i 

]‘jr> .Iiuno CII.l-'.I . 

()-4:) 

0 •();') 

1 -49 

Nil 

4S D.n. nolA . 


0 •(.)!» 

1 -iJ-J 

Nil 

AIK c<)Oia;i). 

\‘2 K'JliK. 

d-.'is 

0-27 

] -ICA 

ii-lS 

linuiK) I'afiiir HL'.’!!’ . 

(l•4^^ 

(»•(»« 

1-4K 

0 -{iH 

70 I'iiit A.SOJt.e.lI . 

()•.■>(» 

O-IO 

o-i-j 

Nil 

1 .'!;: ii.M.AV. sdlA] . 

0-4.7 

0 -oy 

1 -.>0 

0-l)7 
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with an clonj^atioM but with this 

(‘xception, tin' tt'nsila strengths of all 
tlie otliei* cylinders fell wnthin a range 
of 48—55tons pers(|. in. (Se('Table VIT.) 

Method of Manufacture 

The niaerostrnctnres indicated that 
the Jiimo 211.4 cylinder (Rc’port No. 3) 
and the B.M.W, 132K cylinder (Report 
No. 12) had been made as punched 
forgings ,but tlie remainder appean'd to 
have been in the form of tiibc's. 

The Italian Fiat A. 80R.C.41 cylinder 



Fig. 69.—Junkers Jumo 211 A. 


had (‘vid(‘ntly bca'ii made from a (^oni- 
j)arativ('ly large ingot l>nt a, small ingot 
at^peared to ha\'e hca'n us(m 1 for the 
(hMTnan liina-s and cylinders. 

Heat-Treatment and 
Microstructure 

All tlK- cylinders and liiu'rs had been 
hardened and temjx'n'd at normal ban- 
peratures producing fin(‘-grained micro- 
structures. 

The 0-50% carbon stiad Fiat cylindr'r 
possessed a rnicrostructun* consisting of 



Fig. 70. Junkers Jumo 21IH. 













sorbite itraiiis outl.’inNl Ijy a ferrite net¬ 
work (see tlic inieroo:i‘apli Fig. 76). but , 
the struetiin's oftlu'reinainingoylinders 
virere wholly sorbitic. (8ee Fig. 77.) 

Differences in Design and 
Manufacture 

A comi)arison of Fig. 69 with Fig. 70 
shows tliat the Jiuiio liner'21 lA (Report 
No. 3) had been (annnelled in black. All 
the subsequent liiu'rs were chromium- 
plated and tin’s plating had been done 
on a smooth-ground surfacj|;' 'with no 
further preparation after plating. 

The Jumo 211A liner (Report No. 3, 
see Fig. 6')) had paralUd sides, but the 
sides of all the otlu'i* liners -were tapered 
(Fig. 70). 

The wall thickiu'ss of the cylinders 
and liners was (hdermined as sho'wii 
on page 41. 






















TJk‘ variation in tlu' lliicknoss 
of tlu^ wall of tli(' air-coolod 
cylindors was an int(‘ntional thiek- 
(‘iiing at about on('-tbii‘<l of tlu^ 
kaigtli bolow th(‘ bead. 

The dopth of tlio fins of tho 
air-coc)l(Ml oylindors varic'd as 
follows 

BKP'PII 01 ^ 
IONS.. 

Report No. 12 lUl.W. i;52K. O-lSin. 

„ 45 Rraino Kafiiir . 

70 Fiat A.K()R.(''.ll O-.'Win. 

13J{ Ji.M.W.SUlAI. (I-Wtin. 

The fins on tlie l-i’iat (jylindor 
wore iinusually shallow. 

Rofc^enco to Fig. 72, a photo¬ 
graph of the cylinder from th(^ 
B.M.W. 132K engine (Report No. 
12) shows a thermocou]4li‘ attached 
to thc! flange. The two wires con¬ 
sisted of iroii and constantan 
(copxNU’, 54% ; nickid, 42^’(>), and 


Fig. 73. -Fiat 
A. 80R.C.41. 


TAl Vir.—M K( '1 rAN J (’.\L IMK) P H11’I'l ilS. 


Report 



(■rail) 

y.p.. 

M.S.. 

HI., 


I'ltiel, 

Diamond 

No. 

Tyi)e of Eiifriiie. 

CoiniioiUMit. 

Size. 

Tons/s(i. in. 

**<)• 


|•’(.-lbs. 

iranlness. 

;i 

Junkers.! 111110 211.A, 

('ylimler lima* 

4—7 

- 

52 -b 
appro.v. 

- 

- 


- 



(.'ylimier bolt 

(i 

(ill -I) 

<1(5-7 


isi; - I) 

7b 


y? 

Junkers Jiiino 21 Ilf 

('vliinler liner 

(I 

:!7 -K 

47-« 

27.5 

(51 •.'> 





l.iner bolts 

„ 

-- 

(17-1 

21 • 1 

(Ill-8 

To 

52lf:ih()lt‘^) 

iifi 

Junkers .Jiiiiio 

('vliiiiier linei’s : 









211.F.1 

R.H.K. 1 



— 




2:1(5/241) 



S.li.K. 2 
Cvlinder bolts; 

— 

— 





2 (50/2 (1.5 



R.H.K. 1 

— 




- — 


:5:i7 



.<.15.1-:. 2 



- - 




:i:ii 

]2r) 

nitto 

('yliniier liner 

— 

— 

— 


i - 

1 . _ 

27:1/2711 

48 

.Mereeiies-l’ieiiZ 

Cyliuiler liner 

Mainly 


51 -2 

28-0 





n.H. tlUIA 

4—o' 
with a 











few 










coarser 

p-ains. 







12 

li.V.W. i:-12K 

fyliniler 

. „ 


(17 •« ; 

2b -b 

50 -2 


‘ :: 

45 

Hrarno I'efiiir ;i2:il’ 

Cyliuiler 

4-di 


51 -b 

■%2^“ 

52-2 



7y 

Fiat A.,SOR.e.41 

Cylindi r barrel 

:!-4 


51 -7 

2B -0 

;;i - .-I 



I.'}.’! 

■H.M.W. 8()1A/1 

Cylinder barrel 

(5—7 

45.5 

53-7 

25-() 

j.’i-j 


-T 
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Fig. 74.—Typical micrograph of Fiat Fig. 75.—Typical micrograph of Ger- 

cylinder, showing degree of clean- man cylinders and liners, showing 
ness. X 100. degree of cleanness, x 100. 



Fig. 76.—Structure of Fiat cylinder. 

X 100. 


Fig. 77.—Sorbitic structure of 
remaining cylinders, x 100. 


the method of attacliiiip: tliom to tho 
<'ylind('r is sliown in Figs. 78 an<l 79. It 
was ap])ai‘(‘nt that tlio wires ha<l b(‘('n 
bra,/.('(I into a small brass ])big, which 
was then pat at tho bottom of tli(‘ 


drilled hole and hold in by a c-f)pp(‘r 
sl(‘evo. 

Cylinder Head Bolts 

Th(‘ cylinders shown in Figs, 09 and 
70 were complete with Inaicl bolts. 


iu> 

rj 

711 

la:; 


t.iyvin CooM'a>. 

.lunni .. 

.luino :;i]H. 

.luino -JlLF-l 

.Jiuni) t'll.F.l . 

Mi‘r(vih‘s-J;fiiK ]).!!. <•,()] A. 

Alit euoi.Ki*. 

ii.M.w. i:rjK . 

liraino Fafiiir SJ.'U*. 

Fi;it A. H0K.e.4I. 

li.MAV. snlAl. 


Willi Tiiickiioss. 
filiform it-li in. 

'I’iipered to ( OS in. tnin. 
'L'iipm'd to ( 1 in. min. 
'rnperod to. ■ 1 in. min. 
l.'nifonn 0 ■ in in. 

rnifonn 0 -iri in. 
i jiiform i) • 1(1 in. 

Viirial)l(‘ 0 • lo in. to 0 -i:; in. 
Viiriatilo (i-l-'in. to o-ldin. 
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Fig. 78.—Method of attaching ther¬ 
mocouple to cylinder shown in 
Fig. 4. X 2. 


Those on the Jinno 211A and 21 IF 1 
cylinders had been made from 2% nick(d, 
2% chrominin-molybdemim steel, heat- 
treated to a tensile strength of 66/68 
tons per sq. in. ; bnt the bolts on the 
Jumo 21IH liner (Report No. 97) had 
been jnade from a 1 % cliinmiTiin- 
molybdenum steel, h('at-treat('d to a 
similar tensile strength, and in tins way 
a considt'rable economy of a hoy's liad 



Fig. 79.--Section showing method of 
attaching thermocouple to cylinder. 

X 10. 


been effectf^l without any sacrifie.e of 
mechani cal prop('rti(‘s, 

TIk^ threads only of the Jumo 21 IA 
bolts, examiiKMl iimh'r Ke])ort No. 3, 
had h(‘(‘n plat<Hl, but Jumo 211H 
bolts (Report No. 97) liad b(‘(>n plated 
tluoiighout with (;a<hniuni, and tin' 
Jumo 211.F.1 bolts witli chrornimn. 
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Section VI—Inlet and Exhaust Valves 


rj following valves were examined : 
Two inlet valves and two exhaust 
valves taken from a Junkers Jiimo 
21 lA engine (Report No. 6). 

An inlet and two exhaust valves taken 
from a B.M.W. 132K aero engine 
(Reports Nos. 15 and 27). 

An inlet and an exhaust valve taken 
from a Mercedes-Benz B.B. 601A 
aero engine (Report No. 22). 

An inlet and an exhaust valve taken 
from a Bramo Fafnir 323P aero 
engine (Report No. 46). 

An inlet and an exhaust valve taken 
from a Mercedes-Benz B.B. 601N 
aero engine (Report No. 89). 

An inlet and an exhaust valve taken 
from a Fiat A. 80R.C.41 aero 
engine \Report No. 76). 

A summary of the essential data is 
given in Table VIII. 

Chemical Composition 

The two inlet valves from the Jimkers 
Jumo engine were made from a high- 
carbon stainless steel, but all the others 
had been manufactured from silicon- 
chromium steel equivalent to British 
Specification D.T.D. 13B. Without 
exception the exhaust valves were made 
from st(U'l to D.T.D. 49B type. All the 
valves had undoubtedly been made by 
the basic electric-arc process, and in 
many instances small titanium and 
zirconium additions were found. Evi¬ 
dence to the effect that lead-doped fuel 
had been used was found in the presence 
of lead in tlie oxides on all the valve 
heads. (S(m' Table I). 

Constructional Details 

Inlet V a hr 8. —AW the inlet valves 
taken from tlu' Junkers duino 211 A, 
the B.M.W. 132K and the Fiat A. 80 
R.C.41 engiiu's were solid, whilst those 


from the Mercedes-Benz D.B. 601A,the 
Mercedes-Benz D.B. 601N and Bramo 
Fafnir 323P engines were hollow, and 
had no sodium coolant. On the other 
hand, all the exhaust valves were 
hollow, the cavities in some instances 
running into the heads, and all 
contained sodium coolant. In the 
solid inlet valves the tappet ends were 
locally hardened, except in the Fiat 
engine, where Stellite tjq)e carbide had 
been deposited. The hollow stems were 
sealed by local forging and a hard deposit 
of Stellite-ty’pe carbide. Only in the 
single instance of the inlet valve from 
the Bramo Fafnir engine had local 
forging and hardening been carried out, 
thus leaving a fine duct which out¬ 
cropped on to the tappet end of the 
valve. (Fig. 80, A to F). 

Exhaust Valves .—Greater variation 
in design was found among the exhaust 
valves. Exhaust valves from the 
Junkers Jumo 211A and D.B. 601N 
engines had been drilled hollow through 
the head and sealed with a plug of 
similar material, whilst those from 
the B.M.W. 132 K engines had been 
machined hollow in the head and stem 
and a cap of similar material welded on 
to the head and a plug of similar 
material sealed with Stellite-type car¬ 
bide into the stem at the tappet end. 
The exhaust valve from tire Mercedes- 
Benz D.B, 601A engine had a drilled 
hollow stem plugged at the tappet end 
with steel of similar material and also 
sealed with Stellite-type carbide. The 
exhaust valve from the Bramo Fafnir 
engine was similar except that the head 
was partially hollow, this being effected 
by first drilling the stem and then hot 
upsetting the head. The exhaust valve 
from the Fiat A. 80R.C.41 a(u*o engine 
was similar to other hollow-sttumned 
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A'alvos tlrllled from tlie tappet end, 
(except that a hollow l')liig had been 
iH sorted towards the lower portion of 
tlie stem to prevent too much heat 
reaching the springs from the sodium 
coolant. Around the seats of all the 
t^xhaust valves Stellite-type carbide 
metal had been effectively deposited, 
but no such deposit had been made 


Macrostructure 

The grain flow of the heads of the 
inlet and exhaust valves was typical of 
a hot-heading operation. Pronounced 
structural alteration was noted in the 
stem of the exhaust valve from the 
Mercedes-Benz D,B. OOIA engine. A 
high degree of cleanness was noted 
throughout the examination of tliese 
valves. 


J. Bramo Pafnir 32 3P 


L Fiat A, 80R.O,41. 



around tlie seats of the inlet valves, 
(Fig. 81, G to L.) 

Hardness Tests 

The hardiness values of all tlu' valv(’'^ 
were normal for the strnctuml condi¬ 
tion ; they w(‘i'('a])pi'oxi]nat('ly 250/320 
V.D.H. for the inlet valvc's and 220/270 
for ilu^ exhaust valv(‘s. None of the 
valves had l)('eu nitridcMl, 


Microstructure 

All the inlet valv('s had hN^ueally 
hard(‘ned and tempt'red structures. On 
the other liand, th(‘ gen(‘ral structure of 
the (‘xliaust valves was austenitic, 
although almost without ('xia'ption 
various (h'grees of a duph'X sti’ueturc^ 
w"(>re ])resent, the amount of this struc- 
tnn' b(Mug directly proportional tu tlu' 
tiK'asnn' of cold woi'k ])ut on to tlu' steel 





towards the end of the forging operation. 
An effective junction had been ^made 
with the base metal where^^er Stellite- 
type material had been deposited. 

Remarks 

The inlet and exhaust valves had 
been made from high-quality steels and 
showed a high standard of workmanship. 
They obviously met the design require¬ 
ments of the engines in which they 
normally worked. None of the exhaust 
valves can be directly compared with 
British aero-engine valves as these are 
{required to work at higher operating 


temperatures and in the presence of 
lead-oxide concentrations which neces¬ 
sitate covering the entire head of the 
valve with an 80 : 20 nickel-chromium 
alloy. As far as can be judged the enemy 
exhaust valves compare generally with 
British exhaust valve practice, whereas 
the enemy inlet valves are apparently 
les« efficient, probably due to inferior 
fuel, etc., and would be considered very 
inadequate by our presen t standards. No 
evidence was found to justify the 
view that shortage of raw materials 
had influenced alloy content or steel 
quality. 
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Section VII—^Valve Springs 


^T^HE results of the examination of 
34 inner and outer inlet and ex¬ 
haust valve springs from eight German 
and Italian aero engines are given in 
Table IX. The table also includes data 
from Messrs. Brunton’s (Musselburgh) 
Ltd. on eight valve springs from four 
types of engines. These can be identified 


Dimensions 

Tlie dimensions and details of the 
springs are given in Tables X and XI, 
and a key to the dimensions is shown in 
Fig. 84. The springs from the two tj’pes 
of Mercedes-Benz engine were conical 
wormd, the remainder being cylindrical. 



Fafnir 323P, Report No. 18), and Fig. 83 
(Mercedes-Benz D.B. 601A, Report No. 
18) respectively. 


Solitl hcift-ht =ss (Total nurubor of coils — l)d. 

No. of active coils = Total No. of coils tip to tip — H 
r..en<?th of wire *= Dxvr X No. of coils = DxrrXii 

Total deflection Tree height — solid height. 
Where d = diameter of wire. 


D = Mean diameter of coil at the centre 

Visual Examination 


The surfaces of the springs had b(h‘n 
<Mthei shot or sand blasted, and showed 
temper colours. Most of the surfaces had 
a coating of lacquer, and only in the case 
of the Geiman B.M.W. (Tjq>e 132K) 
inlet and valve springs was a metallic 
coating applied, this h('ing of cadmium. 
ITndor visual examination none of the 
springs showed draw marks (se(' macro- 
<'xamination). 


Analysis 

The springs from the Italian Fiat 
A. 80R.C. 41 engine wiwe made from a 
0-50/0-55% carbon. 1% chromium, 
vanadium steel, the remaindoT*, 
with the (‘xception of the Jiimo 21 IF 1 
springs, being of plain 0-60/0* 70*^,'^ 
carbon steel. It will be noted that these 
Jumo 21 IF 1 springs are of a silicon- 
chromium steel, wliich constitutes a 
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marked dc-partnre from previous prac¬ 
tice. All are commendably low in 
sulphur and phosphorus, except the al¬ 
ready mentioned Jumo 21 IF I springs. 
These have a rather higher sulphur 
content than the others. 


Method of Manufacture of Steel 

The analyses of the steels indicate 
that they are made by the basic electric 
arc, or possibly the Swedish open- 
hearth procc'Ks. Th(‘ Jumo 2llF 1 
springs showed a distinctly high(T 


table IX.—valve SrRrNi;S. CIIliMrCAL COMPOSITION-, 


Export 

Xo. 

Type of Engine. 

0. 

Si. 

Mn. 

R. 

P. 

Ni. 

f'r. 

Mo. 

V. 

On. 

W 

18 

German Jumo 211A. 

0-68 

0-125 

0-47 

0 -010 

0-025 

I’raee 

0-025 

Nil 

Nil 

Nil 



Inner .. 

0-70 

0-14 

0-53 

— 

— 

Trace 

<{)-005 

Nil 

Nil 

Nil 


B.M.1 

German Jumo 2111). 













Inner . 

0-70 

0-15 

0-58 

0-019 

0-027 

I’raee 

I’race 

Nil 

Nil 

— 

Nil 

119 

German Jumo 211.1M. 
Inlet—Outer. 

0-61 

1-40 

0-73 

0-030 

0-016 

0-05 

()-7() 

Nil 

Nil 

0-09 



Inner . 

0-62 

1-47 

0-72 

0-021 

0-016 

0-03 

0 • 69 

Nil 

Nil 

0-1)0 



Exhaust—Outer. 

0-61 

1-38 

0-73 

0-030 

0-015 

0 -04 

0-70 

Nil 

Nil 

o-oo 

_ 


Inner . 

0-62 

1-47 

0-72 

0-022 

0 -016 

U-03 

0-70 

Nil 

Nil 

0 05) 

— 

18 

German B.M.W. 132K. 
Inlet—Outer. 

0-67 

0-17 

0-48 

0-007 

0-021 

I’race 

O-OOf 

Nil 

Nil 

Nil 



Inner . 

0-63 

0-14 

0-54 

0-007 

0-022 

Trace 

0-015 

Nil 

Nil 

Nil 



Exhaust—Outer. 

0*67 

0-145 

0-46 

0-008 

0 -022 

Trace 

0-1)15 

Nil 

Nil 

Trace 



Inner . 

0-67 

0-13 

0*50 

0-012 

0 -022 

Trace 

0-010 

Nil 

Nil 

Nil 

— 

IS 

Mercedes-Benz B.B. (lOlA. 
Outer. 

0-68 

0-17 

0-48 

0-007 

0-022 

Trace 

<0-(l05 

Nil 

Nil 

Nil 

- 


Inner . 

0-65 

0-17 

0-53 

- 

— 

Trace 

0-020 

Nil 

Nil 

Nil 

- 

B.M.2 

Mercedf.«-Benz D.B, (501 A. 
Outer. 

0-70 

o-ie 

0-f52 

0-024 

0 -024 

Nil 

Trar-e 

Nil 

'Frace 

- 

Nil 


Inner . 

~ 

- 

- 


- 

- 

" 

- 

- 


- 

B.M.3 

Mercedes-Benz D.B.tSOlN. 
Outer... 













Inner . 

0-68 

0-17 

0-72 

0-014 

0 -020 

Nil 


Nil 

'i’race 

- 

Nil 

90 

Mercedes-Benz C.B-CSOIX. 
Inlet—Outer. 

0-69 

0-19 

0-6() 

O-Oll 

0-008 

Truce 

0-08 

'Frace 

'i’race 

0-075 



Inner . 

0-67 


()-.54 

0 -009 

0-017 

Trace 

'I'race 

'Frace 

'Frace 

0-01 



Exhaust—Outer. 

0-63 

0-19 

0-53 

0-011 

0-022 

Tru(‘<^ 

'Frace 

'I’race 

'Frace 

O-Ol 

—. 


Inner . 

0-69 

~ 

0-49 

(J-016 

0-012 

Trace 

Trace 

'Frace 

'I’race 

0-05 


]S 

German Bnnno Fafnir 
3231*. 

Outer. 

0-61 

0-185 

0-51 

0-007 

0 •020 

Trace 

<0-005 

Nil 

Nil 

Nil 



Timer . 

0-03 

0-17 

0-4!) 

0 -00.5 

0-021 

Trace 

<l)-!)!)5 

Nil 

Nil 

Nil 

— 

B.M.4 

German Bramo Fafnir 

Outer. 

luncr . 

0-67 

0-18 

0-72 

0-012 

0 -020 

Nil 

Trace 

Nil 

'I’race 

- 

Nil 

47 

German Bramo Fufuir 
;!23J‘. 

Inlet—Outer. 

0 • 66 

0-‘J() 

0-61 

0-011 

0-023 

'I'race 

'('race 

'Frace 

'Frai’e 

Nil 



Inner . 

0-6,5 

0-14 

0-50 

0-010 

0-022 

'Frace 

Trace 

'Frace 

1 'Frace 

Nil 



Exhaust—Outer. 

O-Of) 

0-20 

0-62 

0-012 

0 -021 

Trace 

Trace 

'Frii<-e 

'Frace 

Nil 

— 


Inner. .... . 

0-65 

0-10 

0-()2 

0-011 

0 -022 

Tracii 

'I'race 

'Frace 

'Frace 

Nil 

— 

77 

Italian Fiat A.8nK.0.4l. 
Inlet—Outer. 

0-54 

0-30 

0-64 

0 -022 

o-ok; 

O-O!) 

0-98 

'Frace 

0-25 

()-l2 



Inner . 

0-50 

0-21 

0-fll 

0-012 

0 -023 

0-()7 

()-91 

'Frace 

()-24 

0-12 



Exhaust,—Outer. 

0-54 

0 -20 

0-64 

0-019 

0-017, 

0 -08 

0-96 

'Frace 

0-27 

0-U 

—. 


Inner. 

0-50 

0-22 

0-58 

0-014 

0-023 

U-U7 

0-93 

'Frace 

0-2 3 

OG45 

— 
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nitrogen content than the remainder of 
the springs, which might be explained 
by postulating a high nitrogen base 
{Bessemer scrap) and the absence of a 
vigorous boil in refining. 


Grain Size 

The inherent grain size of all the 
spring steels was coarse, with the one 
exception of the Jumo 211.F,1 engine, 
in which the grain size was medium to 
fine. 


HARDNESS VALUES, AND RESULTS OP VISUAL EXAMINATION. 



Diamoud 

Hardness. 

McQuaid/Ehn Grrain 
Size. 

1 Exterior Examination. 

Cl 

■'N.2. 

Coating. 

Surface J-'iiiisli. 

neas. 

0-004 

445 

1 to 4 (Alainly 3) 

Carbonaceous deposit. 

Sand-blasted, bluish temper 

Pair. 

0-004 

391 

1 to 3 (Mainly 2) 

colour. 

M 


424 




(rood 

- 

-426 - 

— 

— 

— 

11 

'0 -016 

490 

3 to 5 (Mainly 4) 

Dark golden-browai lacquer. 

Sand-blasted. 

I-i air. 

'0 -0135 

510 

3 to 5 (Mainly 4 to 5) 




'0 -01651 

495 

4 to 6 (Mainly 4 to 5) 

„ 

„ 


0-01251 

480 

4 to 5 



11 

0 -0045 

421 

2 to 4 (ilainly 3) 

Bright coating of cadmium. 

Finely ground 

Fair 

0-0050! 

437 


Saiid-blustad. 


0 -0045 

444 


Dull black carbonaceous 

i? 


0 -0035 

444 

” 

coating over bright coat¬ 
ing of cadmium. 

” 


0-005 

455 

2 to 4 (Midnly 3) 

Dull brownish coating of 
carbonaceous matter over 

Sand-blasted and marked 
temper colouring. 

Fair. 


400 

1 to 4 (Mainly 3) 

coating of golden-brown 
lacquer. 

” 

- 

430 

- 

- 

Light shot - blasted finish, 
cross-grinding marks. 

(rood. 


427 

— 

— 

Shot-blasted finish. 

*> 


434 



Possibly shot-blasted. 

(rood 

— 

437 


— 

Probably shot-blasted. 

i> 

0-0()6 

435 

2 to 5 (Mainly 3 to 4) 

Dark golden-brown coating 
of lacquer. 

Sand-blasted, marked temper 
colouring. 

Poor 

0-005 

464 

1 to 3 

„ 

Sand-blasted. 

,, 

0-006 

437 

2 to 5 (Mainlr 3 to 4) 


Sand-blasted. 


0 -0065 

456 

1 to 4 


yand-blu-sted and marked 
temper uolonruig 


0 -0045 


1 to 4 (Mainly 3) 

Crpfii lacqui*r. 

Sand -blasted a lul slmwed blue 

Fair 

O-O04 

451 

1 to 3 (Mainly 3) 


temper colours. 

1. 


416 

i 


Probably sand -blasted. 

Good 

— 

420 

— 

— 

Shot-blasted. 


0-0045 

434 

1 to 4 (Mainly 2 and 3) 

(IreenLsli-browu lacquer. 

Sand-blasted a iid slight temper 

Poor. 

0-0045 

4.32 


colouring. 

Good. 

0-0045 

447 



„ 

Poor, 

0-0045 

445 

» 



Good. 

0-000 

414 

1 to 4 (Mainly ,3) 

No coating. 

Suud-blasted. 

Fair. 

0-023 

406 

„ 



O-U075 

410 

1 to 4 (Mainly 3) 

„ 


I-’air. 

0-020 

400 

” 

” 






Magnetic Etch Test 

In none of the springs were any 
cracks or other defects r<wealed by 
magnetic etching. 

Macroscopical Examination 

Of the springs examined after 
light etching only those of the 
Mercedes-Benz D.B. 601A (Report 
No. 18), and to a h'sscn' extent th(i 
Rramo Fafnir 323P (Report No. 47) 


Fig. 85.—Longitudinal sec¬ 
tion of Jumo 211A spring. 
Picric-acid etch. x 300. 


TABLE X.—BIMENSIOXS 


R.eport No. 

18. 

B.M. 1. 

119. 

18. 

IS. 

B.M. 2. 




Jumo 

B.M.W. 




.Tumo 

,Tnmo 

211.1^1. 

(Type 132 K.) 

Mercedes-Benz 

Mercedes- 

Type of EiiRiiip. 

211A. 

21 ID. 



— - 


D.H. 601 A. 

]3enz 




Inlet. 

Exh’t. 

Inlet. 

Exh’t, 


D.B, 601A. 

Diamoter of wire; 

0-183 

0-185 

0-187 

0-186 

0 -20.5 

0-208 

0-154 

0-152 

Number of coils = n 

71 

7 

7 

7 

7 

H 

5f 

5,!- 

Number of active coils 

6 

H 

H 




n 

1 

Biametpr of coils, in.— 







Top Mill. Blit. 

Top But. 

External . 

1-803 

1 -75 

1-788 

1-788 

2-136 

2-141 

1-457 1-554 1-651 

1-44 1 -63 

Internal. 

1-4S7 

1 -38 

1-414 

1-416 

1 -726 

1-725 

1-149 1-246 I-.343 

1-136 1-326 

Mean = D. 

1-620 

1-565 

1-601 

1-602 

1 -931 

1 -933 

1-30.3 1-406 J-197 

1-288 J-47.8 

Free height, in. = L_ 

.3-047 

2-75 

2-791 

2-787 

3 -035 

2 -8G6 

2 -055 

2 -1)91) 

Solid height. 

1-281 

1-203 

1-215 

1 -209 

1 -332 

1 -300 

0-808 

0 -798 

Total defleetioji ... 

1 -7(Ui 

0-872 

1-576 

1-578 

1 -703 

1-566 

1-247 

1 -29-J 

Pitch of coils « P. 

0-549 

_ 

0-547 

0-549 

0-572 

0-552 

0-.527 

—. 

Tjengtb of wire, in. 

.38-18 

.34 -42 

.35-2 

35-2 

42-47 

40-99 

2,5-29 

-J 5 ■ 0 

Head of spiral . 

Eight 

Eight 

Eight. 

Eight 

Eight 

Eight 

Eight 

Eight 

Weight of springs, oz. .. 

4-27 

— 

4-00 

4-00 

5-77 

5-70 

1-96 


Stiffness, lb,/in. .. 

— 

82 


1 ~ 

— 

— 

1 “■ 

78 


tar].e xi.—nra kxsk)XS 


Itcport No. 

18. 

B.M.l. 

119. 

18. 

18. 

B,.\r.2. 






B.M.W. 




.Tumo 

.Tumo 

Jumo 

211.P.1 

n\yp<' 

132 K.) 

Mercedes-Benz 

Mercedes- 

I'ypc. of P.ngine. 

211 A. 

211D. 





D.B. 601A. 

Benz 




Inlet. 

Exh’t. 

Inlet. 

Exh’t. 


D.B. 601.4. 

Diameter of wire, in. — d 

0-1.30 

n-134 

0-135 

0-1,35 

0-175 

0-178 

0-11!) 

O-Il.') 

Number of coils = n 

10 

71 

7! 

n 



71 

7.1 

Number of active coils 

S.1 

6 




7 

H 

■h 

Diameter of coils, in.— 







'r<ili. Mid. Bot. 

Top. B<it. 

External . 

1 -282 

1 -420 

1 -325 

1 -.322 

1-590 

1 -.595 

1-117 1-167 1-217 

1-090 1-190 

Internal. 

1 -022 

1 -152 

1-0.55 

1 -062 

1 -240 

1 -239 

0-881 0-929 ()-!)79 

()-860 0-960 

Mean = D. 

1 -152 

1 -286 

1-188 

1-195 

1-415 

1 -417 

0-99H 1-048 I-OOH 

0-!)7-'> 1-()7.-> 

Free height, in. — h .. 

.3 -000 

2-420 

2-558 

2 -488 

2-820 

2-754 

2 -076 

2 -OH.'i 

Solid height. 

1-235 

0 -938 

0-979 

0-979 

1-356 

1 -421 

0-803 

0 -TTi; 

Total deflection. 

1 -765 

1-482 

1 -579 

1 -.509 

1 -464 

1 -330 

1 -273 

1 -309 

Ihtcb of coils = P. 

0-385 

— 

0-448 

0-453 

0-,398 

0-392 

0 -376 

... 

l.*ngth of wire, in. 

36-20 

30-3 

28-9 

29-1 

36 -69 

37-8.3 

2.3-87 

23 -3 

Head of spiral. 

Left 

Left 

i^eft 

J.eft 

Left 

Left 

J tight 

fliglit 

Weight of springs, oz. .. 

2-08 

— 

1-72 

1-72 

.3-75 

4 -02 

1 -12 

— 

Stiffness, Ib./in. 

— 


— 

~~ i 

— 


— 

5,S 
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and the Jumo 21 IF 1 showed 
evidence of draw naarks. Other¬ 
wise all the springs were free from 
defects. 

Hardness Tests 

The hardness of the springs in 
general varied from 391 to 464 
V.P.N., which is equivalent to a 
range of tensile strength of 81 to 
96-5 tons per sq. in. The Jumo 


Fig. 86.—Longitudinal sec¬ 
tion of Jumo 211A spring. 
2% nitric-acid etch. x 50. 


OF OUTER SPRUNG S. 


B.M.3. 

90. 

IS. 

B.M.4. 

47. 

7 

7. 

Mfrcedes- 

Benz 

D.B. 601N. 

Mercedes-Benz D.B. COIN. 

Bi-amo 
Fafnir 
32 3P. 

Bratno 

Brarno 
32 i 

Fafnir 

IP. 

Italiar 

A.8UE 

i Fiat 
5.0.41. 

Inlet. 

Exhaust. 

32 3 P. 

Inlet. 

Exh’t. 

Inlet. 

Exh’t. 

0 -153 

0-154 

0-154 

0-217 

0-216 

0-218 

0-216 

0-207 

0-207 

oi 



6.1- 

6‘ 

(i.V 

61- 

6 

(5 

4 


4f 

5 

o 

5 

5 

41 

41 

Top Rot. 

Top Mid. Bot. 

Top Mid. Bot. 







.1 -44 1 -63 

1-464 1-557 l-(550 

1-474 1-562 1-650 

2-115 

2 -095 

2-120 

2-107 

2-175 

2 -175 

1-134 1 -324 

1-156 1-249 1-342 

1-166 1-254 1.342 

1-681 

1-6(53 

1 -(581 

1.675 

1-761 

1-761 

1 -287 1 -477 

1-310 1-403 1-496 

1-320 1-408 1-496 

1-898 

1-879 

1-902 

1 -891 

1 -968 

1-968- 

2-GOO 

2 -012 

2 -038 

2-937 

2-940 

2-940 

2-901 

2 -420 

2 -435 

()'803 

0 -808 

0 -808 

1-302 

1 -296 

1-308 

1 -296 

1-138 

1-lSS- 

1-197 

1 -204 

1 -230 

1-635 

1-644 

1-632 

1-605 

1 -282 

1-297 

—. 

0 -462 

0 -514 

0-579 

—. 

0-594 

0-599 

U -563 

0-543 

24-97 

25-34 

25-44 

38-TG 

38 -37 

38-84 

38-62 

37-11 

37-11 

Jiight 

Right 

Right 

Left 

Left 

Left 

Left 

Right 

Right 

— 

2-07 

1-96 

6-09 

— 

6 -09 

6-09 

5-24 

5-24 

80 
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OP INNER SPRINGS. 


B.M. 3. 

90. 

18. 

B.M.4. 

47. 

77. 






1 Braino 

Fafnir 

Italian Fiat 

Mercf“d«‘S 

Mercedes Benz D.B. 601N. 

Brnmo 

Bruino 

3231'. 1 

A. 80R.C.41. 

Bon'/. 



Fafnir 

Fafnir 











D.H. 60IN. 

Inlet. 

Exhaust. 

323P. j 

32 3 P. 

Inlet. 

Exh’t. 

Inlet. 

Exb’t, 

0-117.0 

0-119 

0-119 

(J-165 

0 -1665 

0 -166 

0-166 

0-166 

0-166 

7 J 

7i 

7i 

81 

8','. 

81 

81 

7 

7 

6 

5| 

r>i 

7 


7 

7 


r>i- 

Top. Bot. 

T(tp. .Mid. 15ot. 

Top. Mid. Bot. 







1-09 1-19 

1-114 1-164 1-215 

1-117 1-168 1-220 

1 -529 

1-470 

1 -533 

1-533 

1-610 

1-61U 

0-8.05 0.9.03 

0-87(5 0-926 0-977 

0-879 0-930 0-982 

1-199 

1-137 

1 -201 

1-201 

1-278 

1-278 

0-972.0 1-072.0 

(J-99.0 1-04.0 1-096 

0-998 1-049 l-lOl 

1-364 

1 -3035 

1-367 

1 -367 

1-441 

1-444 

2 -030 

2-044 

2 -025 

2 -933 

2-940 

2 -888 

2-904 

2 -220 

‘J 

o-79:i 

0-803 

O-803 

1 -320 

1-332 

1 -328 

1-328 

1-079 

1-079 

1 -237 

1-241 

1 -222 

1 -613 

1-608 

1 - .060 

1-576 

1 -141 

1-141 


0-371 

0 -369 

0-398 

— 

0-407 

0-410 

0-421 

0-422 

23-3 

23-80 

23-90 

36-42 

34-80 

36-51 

36-51 

31-7.0 

31-75 

Right 

Right 

Right 

Right 

Right 

Right 

Right 

J^ft 

heft 

— 

1-17 

1-17 

3-39 

— 

3-.39 

3-39 

2-87 

2-87 

5(5 


— 

— 

59 

— 
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211A spring (Report No. 18) and 
the Riat A. 80R.C.41 springs (Report 
No. 77) gave the lowest hardness of the 
series, and the Mercedes-Benz D.B, 601A 
springs (Report No. 18) and the D.B. 
60IN inner springs (Report No. 90) the 
highest. A departure from this was 
shown by the more recent engine, 
Jiimo 211.F.1, which gave hardness 
values in the region of 490-510 V.P.N., 
corresponding to a range of tensile 
strength of approximately 98/105 tons 
per sq. in. 

Microscopical Examination 

With the exception of the steels used 
in the production of the outer and inner 
springs of the Mercedes-Benz D.B. 601N 
engine (Report No. 90) and of the outer 
springs of the Bramo Fafnir 323P 
engine (Report No. 47), the steels from 


which the springs w(‘rc made sliowed a 
satisfactory degree of cleanness. 

In general, the inclusions consisted of 
angular and globular silicates and 
oxides and., fine elongated sulphi^les. 
The silicates and oxid(‘s occurred some¬ 
times in the form of streaks up to 
0*030 in. in length. 

Structure 

All the samples showt'd a normal 
hardened and tempered structure which 
was generally banded (see Figs. 85 and 
86). Decarburisation was evident on the 
outer and inner springs from the Bramo 
Fafnir 323P engines (Report Nos. 18 
and 47), on the outer springs from 
Bramo Fafnir 323P engine (Ref. B.M. 4), 
and on the Jumo 211.F.1 springs 
(Report No. 119). The remainder were 
found to be free from decarburisation. 



Section VIII—Gears 


^ PHIS section, deals with the inetal- 
lurgical examination of 17 gear¬ 
wheels from enemy aircraft. Of the 
total two only are of Italian origin, the 
remainder being Gernian. The essential 
data are arranged for ease of comparison 
in Tables XII and XIII. The composi¬ 
tions used for the various items resolve 
themselves into four types of steel 
and the items liave, therefore, been 
tabulated in four groups accordingly. 

The dimensions of the various gears 
are quoted in Table XII as approximate 
sizes only, with a view solely to con¬ 
veying a general idea of the proportion 
of each item. 

Appearance and Finish 

The degree of surface finish on the 
German specimens was of a very high 
order. A generous radius was present 
at the roots of the teeth and also on the 
edges at the ends of the teeth. In three 
examples (Reports Nos. 1, 5 and 19b) a 
shot-blasted finish was noted on areas 
which were \mimportant as regards 
fitting. In two instances (Reports 
Nos. 88a and 88b) the web rt'cesses 
and the roots of the teeth had a smooth 
blue-black oxidised finish. Elsewhere 
these gears had a bright finish, sug¬ 
gestive^ of buffing with emery. The 
other Gereuan gears were generally 


f — . » - . 



Fig. 87.—Sun gear. Fiat A. 80R.G.41. 

bright finished all ovov. One gear 
(Report No. 30) was also lacquered in 
parts. All the tooth faces showed a 
cross-hatched pattern typical of aground 
finish. Figs. 87 to 119 show the appear¬ 
ance of each type. 

The standard of finish of tlie two 
Italian specimens (Reports Nos. 84a .and 


Fig. 88.—Mac¬ 
rostructure of 
sun gear, Fiat 
A. 80R.C.41. 
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84b) was appreciably inferior to the 
German specimens. The side faces, web 
and tops ofthe teeth exhibited fine trans¬ 
verse lines left from the machining 
operation prior to hardening, the whole 
having a matt appearance. The nature 
of the surface would not be deleterious 
to the performance of the gears, but 
would make the final inspection process 
more difficult to carry out and introduce 
risks of masking fine defects. 

Marking 

All tlie gears examined were liberally 
marked with figures and h>tters for 
identification purposes. With the 
exception of one item (5) none of the 
markings g>ve any indication of a 
recognisable specification. No 5 was, 
however, marked ECN Mo 130, which is 
probably a standard specification of the 
D.I.N. series, ECN being the German 
standards identification for a Cr-Ni 
case-hardening steel. Two of the wheels 
were marked with a date, whilst the 
marking generally appeared to cons’st of 
serial numbers and inspector’s 
impressions. 

Throughout the items repetition of 
some of the numbers occurred, but 
beyond indicating that the marking 
suggests a common origin for groups of 
the items no comment is offered on this 
aspect. The large number of markings 
present tend to indicate close inspection 
of quality of the gears throughout 
processing. 

Composition 

All the steels used were of the case- 
hardening typos, and may be divided 
into four main groups :— 

Italian, 

{a) 21 Ni/()*0% Cr. 

Oernum. 

(h) 2%Ni/2‘)'f,Cr, together with 
0* 2/0*35% Mo in (‘ight of nine 
st('els, also 0-15/0*17 V, witli 
Mo in four steels. 


(e) 1 • 6%Ni/l• 6%Cr, with Mo and 
Mo + V. 

id) 1% Cr/0-25% Mo. 

Carbon.—Jn flu* Gcumaii 2/2 typ(', 
and also the Italian exanqdes, the carbon 
content was consisbrntly 0-10/O-IS^,^ 


Roport 

No. 

Typo of lingino. 

Type of (lour. 

84 a 

Thit onpiio A. SO 
R.C.41 

Sun poar 

S4b 

” 

J’bitiot. gour 

1 

.Tiiiikors .runio 

211A 

Spur ROiir iittod to 
oruiikghaft 

5 

Juukers .lumo 

211A 

lloiitKrtifm gear 

Ifla 

Morcodes-Bona 

D.B. 001A 

Tb'diiotion gear 
I’iuion ou forward 
(‘lid of crankshaft 

iSc 


Spring drive spur 
wheel 

.37 

Rramn-Kafiiir 

.3231’ 

Planet gear 

38 


Stationary ('r tix(‘d 
gear 

40 


Driving gear wlieol 

88a 

Morcodos-Bon?. 

D.B. (JOIN 

Airscrew reduction 
gear wlieel 

88b 


.Airscrew reduction 
jiinion 

JDb 

Moroodc.'iJ-HfuiB 

D.B. 001A 

Spring drive pinion 
wheel 

74 a 

Mom*(ios-licn7. 

D.B. 001A 

Airw.Tcw shaft g(‘ar 
wheel 

,30 

B.M.W. 

i:52K 

.Snper-eharger 
driving sleeve 

30 

Rramo-I'afnir 

3231* 

('raiiksbaft (uaifiling 
gea r 

74b 

M(*n;odf.s-B(‘nz 

D.B. 001A 

Valv<‘ and an.xiliary 
drive wheel 

0-i! 

Mt'rcodos-Bon'/i 
D.B.001N 

iiolor shaft ami 
lievel pillion from 
hydraidii; clnteh 


56 





with one exception at 0-26%, for which 
there was no adequate explanation. It 
was noted, however, that with com¬ 
positions (c) and [d) the carbon content 
was higher, as though to make up for 
deficiency in hardening capacity conse¬ 
quent on reduction of alloy content. 


The core hardness values of the two 
items of the 1-6% Ni-Cr composition 
were lower generally than those of the 
2/2 Ni-Cr types, and apart from Ni-Cr 
content it was noted that the manganese 
was also lower in the former. The in¬ 
crease in carbon content in the Cr-Mo 


T-A.ELE XIL—SUMMABY OP GEAR WHEELS EXAMINED. 


Description. 

Approximate Size. 

No. of 
Teeth. 

Teeth cut radially (35 mm. tooth face) on the outside, and teeth also cut in 
one-half of the hore on the opposite side. Jiore partly chambered and eight 
holes drilled through web. Surface finish inferior to German specimens 

in. dia. y l|in. wide 
fi-aiu. min. bore 

G(J 

Level pinion which mates with Item 84a above. Smooth bore. Eight holes 
(1 rilled through web. Series of small holes connecting root of teeth to 
bore in eight places 

8-4 in. o/d X 1 - 4 in. tooth face 

X 'dfff in. overall x fi^in. 
bore 

28 

Pitted by splines to front end of crankshaft. Evidence of corrosion in the 
boro. Machined all over. Hollow portion between rim and hub shot-blasted 

8| in. o/d X fil iu. tooth face 

X 4 in. dia. bore 

40 

Machined all over except on hollow surfaces between rim and hub where the 
surface had a shot-bhist finish. Gear spliued in bore to fit spline shaft. 
Design of bore similar to Item 1 above 

Ifijrhi.o/d 2.V in. tooth face 

X 3^ in. wide overall 

G2 

W’’heel surfaces smooth finished with emery. Evidence of wear on all teeth 
and heavy wear near the end of every fourth tooth. Splined in one half 
of liore. Gear chambered in the bore and generally similar in design to 
Item 88b 

71 in. o/d >: 21 “i* tooth 
face X 5i in. wide overall 

3G 

Consists of .1 spur gear wth a narrow flange and without hub. ’’.rhe flange is 
bored and slotted in six places to accommedate springs and their fittings 

See illustrations Pigs, 12 & 13 
(No. 2) 

54 

Level gear with parallel bore fitted with a ball-thrust bearing on one side. 
Pinished smooth all over 

5} in, dia. x 1-4 in. tooth face 

X 2.V in, overall 

25 

Bevel gear internally splined over half the length of the bore 

7jin. o/d X 1-4 in. tooth face 

X If in. wide overall 

33 

Teeth cut radially with l-I in. tooth face near the outer edge on one side, 
liore splined for about half the width on opposite side 

11-9 in. o/d X IJin. overall 

X 5.^ iu. min. bore 

54 

Larg(! spur gear chambered in bore and splined both ends of bore. Boots of 
teeth and hollow areas between riin and hub had very smooth blue-black 
oxidised finish. Two teeth wen- broken on the gear when received. 
(Similar in design to Item 74a) 

11-3 iu. o/d X 2;| in. tooth 
face X 3.Un. overall width 

X 4 iu. diu. bore 

5G 

Sinall spur gear. Ohainbered iu bor«‘ and splined at one end. Very similar 
in design to Item 19a. Roots of teeth had black oxidised surface and two 
t(‘eth showed mechanical damage 

71 in. o/d X 2|in. tooth face 
d.V in. overall width x 
oi'in.'dia. bore 

S() 

Tliis gear incorporates the .starter end. The starter end and small gear wheel 
had been left a- ’ i.-tci. l)ut those portions within the springdrive 

19c had i)eeii g-.. i. i'.t,".- chamljered slightly under the teeth 

See illustrations Figs. 12 & 13 
(No. 1) 


f^plined in both ends of bore, web drilled with ll’-flh mm. holes. Similar 
in design to Item iSSa 

111 in. o/d X 2J in. tooth fact* 
X 3i in. overall width X 4 in. 
diu. bore 

5G 

Planks of the pinion coah'd with bra.ss-coloured transparent lacquer and 
also the whole of the bore. Itore of pinion wheel also coated with a plastic 
deposit, '['his Item is bored throughout and pinion portion chambered. 
Connecting sleeve splined 

Pinion portion 3J in. o/d x lin, 
tooth face X 2^ in. bore 

ol 

Spur wheel splineij in hore and fitted in horo with u binding ring. Two holes 
drilled and tajijied in web. Sjdined in sleevt; portion of bore 

U-'Jin. o/d X i in. tooth face 
X 2.1 in. o/a width X 3 in. 

1 tore 

;j7 

This gear 1ms two rows of syiur teeth with a row of bevel teeth in between. 
'I'he bore ha.s a serrated surface and is eorapletely lined with white metal 

1 inin.thick, vvhicli is atudmred in a scries of eleven holes through to the bore 

(JJ in. o/d X ;!gin.1 wh f f ’'‘• 
hore X 21 in. o/a ./N i i"- 

W'idth / *^13 in. 

tiO spur 
fit; beve 
.■>8 spur. 

Consists of bevtd pinion integral with shaft and bored for full length 

Approximately 3 in. overall 
dia. 

Approx 

15 
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series wiis ])<irtly r('flect('<l in tlu' core 
luirdness values for tins ^roii]). 

Silicon.--A\\th the cxet'jh'on of Xo. 
88 tlie silicon content foi‘ th(‘ ji:('a.rs fell 
witliin the range 0-25-0-35. Tliis, 
combined with the coniparativ<' abs('nco 
of alumina inclusions on micro (‘xamina- 
tion points to a prt'fi'rcmce for silicon 
over aluminium as a deoxidant. In the 
exceptions (Rc^ports S8a and 88b) the 
silicon was lower (0-18-0-202,,) and 
clusters of alumina W('re obser\'('d on tlu' 
micro-section, ])ointing to i\ diflenmt 
and le:-s satisfactory nudliod of ste<‘]- 
malcing. 

Mmigcuicsc .—This does not call foi 
commc'ut other than the comimratively 
low figures in the Cr-Xi group. 


Report 39 in tin* hr-.Mo grou}) was 
notably higln-r at 1 -02*^, than th(' othei* 
thr(M‘ it('ins, but this <lid not af)j)ear 



Fig. 89.—Planet gear, Fiat A. 
80R.G.41. 




to have affected tlie properties of 
the gear. 

Sulphur and Phosphorus .—The purity 
of the steels examined was generally of 


good standard and ty])ical of basic arc 
electric steel. The exceptions were 
Reports Nos. 88a and 88b, where the 
sidphurwas higher (0 • 022~(.) • 021 ^'o)’ 


;Fig. 90.—Mac¬ 
rostructure of 
Fiat A. 80R.C. 
41 planet gear. 













Nickel and Copper .—There was no 
logical reason for the deliberate inclusion 
of copper in the various compositions, 
nor for nickel in the Cr-Mo typos in the 
varying amounts noted. Neither element 
is deleterious to the steel in the quan¬ 
tities observed, but their presence tends 
to indicate that their inclusion isacciden»> 
tal, and that Germany has her problems 
with contamination of raw materials. 


Vcnmdium .—There was no (‘vidonce 
to indicate why vanadium should b(' 
present in measurable amounts in six 
steels out of fifteen. It might on thot one 
hand indicate an individual preferenc(i 
for vanadium inclusion by different 
steel-makers, or on the other the use of 
vanadium-bearing raw materials. 

Chrcnnium and NlcJcel .—^The amounts 
present show no abnormal featun^s and 


T^KLE XIIL—COMPOSIl'ION, (JRALV SIZE, MECFTAKIOiL 


Report 

No. 

Type of Enjjine. 

Type of Bear. 




Chemical Araalysis, 
%- 




C. 

Si. 

Mn. 

S. 

P. 

Ni. 

(>. 

Mo. 


Cu 

S4a 

t'iat engine, A. 80 
R.C.41 

Sun g(‘ar 

U • l« 

0-26 

0-42 

0 -010 

0-007 

2 - da 

0-59 

0 -00 


- 

84b 

„ 

Planet gear 

0-17 

0-28 

0-51 

0-014 

0-015 

2-80 

0-«l.3 

0 - 02 



1 

Junlcers .Tuino211A 

Spur gear fitted to 
crankshaft 

0-18 

0-33 

0-42 

0-018 

0-014 

2-18 

2-18 

0-24 

— 

— 

f) 

Junkers .Tmno 

211 A. 

Reduction gear 

0-lG 

0-34 

0-48 

O-Oll 

0-(.ll3 

2 -08 

1 • 99 

0-32 

0-17 

0-12 

19a 

Mercedes-Benz 

DB.OOl.A. 

i^chiction gear, 
pinion on forward end 
of crankshaft 

0-185 

0 -25 

0-48 

0-010 

0-013 

1-85 

2-05 

0-24 

0-15 

0-11 

19c 

» 

Spring drive spur- 
wheel 

— 

0-29 

0-45 

0-010 

O-OIO 

2-21 

2-1)8 

0-08 

U-Ol 

0-13 

37 

Bramo-Fafnir 323P 

Planet gear 

0-18 

0-32 

0-41 

0-013 

0-012 

1 -83 

2-13 

0-35 

- 

0-05 

38 


Stationary or fixed 
gear 

0-l(! 

0-33 

0-49 

0-010 

0-010 

1-97 

2-12 

0-35 

O-K) 

0-07 

40 


Driving gear wheel 

0-17 

0 -28 

0 

0-013 

o-ooo 

1 -93 

2-10 

()-30 

0-10 

0-1)8 

88a 

Mercedes-Benz 

n.B. (iOlN 

Airscrew reduction 
gear wheel 

0-26 

0-lK 

0-50 

0-022 

0-015 

1 -98 

1-83 

0-27 



88 b 


Airscrew reduction 
pinion 

o-ii; 

0-20 

0-12 

0-021 

O-UI.' 

[-98 

1-90 

0-29 

- - 

-- 

19b 

Mereedes-Benz 

D.B.tiOlA 

Spring drive pinion 
wheel 

0 -20 

0-29 

0-30 

0-010 

0-011 

l-OO 

1-59 

0-31 

O-lf! 

0-17 

74 a 

Mereedes-Benz 
D.B.601A 

Airscrew shaft gear 
wheel 

0 -23 

0-31) 

0-24 

0-012 

0-()08 

1 ■ 50 

1 - .58 

0-32 

0-13 


30 

. 

B.M.W. 13-JK 

Super-charger 
driving sleeve 

0-18 

0-2() 

0-87 

0-017 

0-020 

nil 

1-01 

0-2 7 



39 

Braino-l'afiiir 

3231’ 

C'rank.shaft coujding 
g(aa- 

0-20 

0-28 

1 -02 

0-012 

o-olo 

0-30 

1-12 

0-2 1 


O-IO ^ 

74b 

Alercedes-Benz 
D.B. 001A 

Valve and auxiliary 
drive wheel 

0 -20 

0-2ti 

0-81 

U-OM 

0-013 

0 - -){■, 

1-10 

0-20 

■■ i 


0‘2 

Mercedes-Benz 
n.B, COIN j 

Rotor shaft and bevel 
pinion from hydraulic 
clutch 

0-23 

o-3r> 

0-88 

0-019 

1) -032 

0-30 

1-22 

0-27 

1 
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do not call for special comment. The 
use of 1-6% Cr, l-6%]Sri in items 19b 
and 74a seems to be deliberate as dis¬ 
tinct from the 2/2 type, and as such is an 
unusual composition. 

Considering the compositions gener¬ 
ally, one cannot take any exception 
to them on the score of irregularity of 
individual elements. It is to be noted 
that only one of the German specimens 


(19c) does not contain molybdenum in 
an amount high enough to be considered 
a deliberate addition. 

Macrostructure, Forging, Etc. 

In every instance, macro examination 
has shown that the gears have been 
machined from forgings which have 
been produced in such a manner as to 
provide the best disposition of the grain 


i’EOPERTIES AND OASE-HARDEXING DATA OF GEAR WHEELS R TA MTXEU 


irt'Quaid 

Ehu 

(iniin 

Size. 

ilechaiiical Properties 

CHounstield Tensometer). 

Case-hrirdeiii tier. 

Position. 

T’oiis/ 


El 


Equiv. 

Izoil, 

Position. 

Depth. 

Hanine.-^s 


sq. in. 



Case, 

Core. 

1—5 

- 

- 

__ 

- 


~ 

On tcotti, splines and 
other jilaces 

In. 

d-Ue 

7dn/77I 

2S9/:-;72 

1—(! 

- 

- 

- 

- 

- 

- 

Teeth 

d-d4 

724/752 

354/384 

7 


— 

- 

— 

— 

- 

Oti teeth only 

d -Uu 

74:-} 

327 

7 

Rndial 

Web 

ul’U 

««-8 

'JL-U 

G3-() 

GS 

On teeth only 

d-d4 

crown 

692/747 

348/41)1 
CGen. M)) 


I'ang’l 

51>(l 

66-0 

20 -0 

CO-O 

(53 


0 -02 roots 



(j 



— 


— 


On teeth ami aboat | in. 
externally on each hub 

U-U5 

762/803 

421/455 

0 

— 

— 

“ 

— 

— 

- 

On teeth and other 
wearing surfaces 

(1-05 

79S/S:iu 

424 

fi-7 

~ 

- 

- 

_ 

- 

- 

On teeth and in bore 

<J’l)ii/u-d8 

7U2/732 

4dS/436 

(j 

- 

- 

- 

— 

— 

- 

All faces except Internal 
cored face 

d-UG/d-dS 

732/752 

414/424 

(i 

'rnng’l 

from 

weij 

(id 


•JO-0 

()()•(» 

— 

Chielly on teeth and 
spline.s, thinly elsewhere 

0-04 

7U2/732 

:)62/;')Sd 

1—*) 

- 

— 

- 

- 

- 


On teeth and thinly on 
web 

d-U3/t)-d4 

’92/7d2 

:-iiii:/i.-)(; 


- 

- 


— 


- 

(')a teeth and outer 
surface of sh'eve ends 

0-04/ 

d-d55 

T3-.V-37 

4id'i:u 

(I . 

- 

1 “ 


“ 


- 

On il<»Ks, te(‘th and 
various other places 

d-d;: 5 

848/SG2 

:;s4/4i)L 

- 

- 


- 

i 


- 

Teeth only 

d-oit 


.'Idl/ClS' 1 

1 from 1 
j GOOVI! ! 

,SII-() 


5S-(J 


'l\‘eth only 

d -(12 7 

(;sd/7G:i 

;:8d/4iin 

'i 


- 

i 

i'A- 

i ^ 

- 

1 On teeth only 

d-dl 

.;72/.;s2 

ll9/i:i! 

- 

- 

-- 

' - 

i 


! - 

1 1)11 all teeth 

! 

d-iil 

til8, 712 

i;;i/i I'.i 

/irii 

1 




j 



All over (•.\<-ept tlireudi-d 
portions 


7f.G/Si,)2 



01 












Fig. 94.—Jumo 211A reduction gear. 


for maximum rosistanco to s(Mvico 
loading. All tlio structure's showe'd ele'ar 
('videmec of upse't forging and, wln'n' 
possible, tlio profile of the g('ar Ijlank 


api)ears to have b('('n closely followed Benz D.B. 601A reduction gear pinion 
in the forging open'ation, forward end of crankshaft. 


A ninnlx'i* of tlu^ ge'ars ('xhihited a Ix'on stnall. '^Phis ol),‘('rval ion a{)))li(‘s. 
ratlu'r pronounced (U'udritie^ structure, ]>artieularlvto Hi'ports Xes. 1,5, l!)a, IDh, 
and llu' coticlusion has b('t*n drawn that SSa and SHI). In other ease's lln' anioiint 


the amount of re'duction of eross-se'ct ion of distort ion in forging may ha ve* inaske'd 
h('twe('n the ingf)t an<l l)ill('t stage* has 1 hiseffe'ct, hut it is fairly safe* tee ee)nelue!e' 






Figs. 98 and 99.—Mercedes-Benz D.B. 601A 
and spur (2) wheels. 


that little importance has been attached 
to large reductions in cross-section at the 
ingot stage, but that grain direction has 
been carefully controlled during the 
final forging operation. 

In the two examples in which the gear 
was integral witli a shaft (Reports Nos. 
30 and 92) the method has been followed 
and in the latter the b(‘vel pinion 
a])pear('d to have been upset forged on 
the cnid of a forged or rolled bar. 

Certain of the gears appc^ared to have 
IxM'n made roughly to shape, followed by 
th(^ r(>moval of considerable' amormts of 
nu'tal in the later machining operations 
(Re])orts Nos. 84a, 37, 74b). 


spring drive pinion (1) 

McOuaid-Ehn Grain Size 

In the 2/2 Ni-Cr gi'oup the grain size 
number is 0 or 7 for all cases but two 
(Reports Nor.. 88a and 88b), wliich are 
inclined to have a mixed but rather coaive 
gi-ain size. In view of the remarks made 
above regarding the lower silicon con¬ 
tent and the use of aluminium in the 
steel of these two items, their grain size 
may be considered as additional justifi¬ 
cation of the conclusion reached tliat in 
these two examjdes the steel-making 
method was ht'low standard. In the 
other composition groups tlu‘ grain size' 
numbers were irregular, and no attt'inpt 




Fig. 102.—Bramo Fafnir 323P Fig. 104.—Bramo Fafnir 323P station- 

planet gear. ary or fixed gear. 
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Fig. 105 —Macrostruc^ 
ture of Bramo Fafnir 
323P stationary gear. 


0*()8in. This ch'pth was, 
no (loul)t regulated to somt' 
extent by the work to l)e 
tlono by the individual gears, 
but might also Ix' associated 
with th(> amount ofinatiu'ial 
removed from thian subs('- 
<(U(mt to carburising. Regu¬ 
larity of 1h(' limiting line of 
(•arburising was rimiarked 
u])OJi in Rc'port No. 1, and 
machining aftca* carhiiih.ing 
was suggest.I'd as liki'ly. In 
each individual iti'in tlu' car- 
huris('<l /.one on the teetli 
faces was uniform in d(''i)th. 


Fig. 106.—Bramo 
Fafnir 323P driv¬ 
ing gear wheel. 







Fig. 108.- Mercedes-Benz D.B. 601N airscrew reduction gear, 


Fig. 107.—Mac¬ 
rostructure of 
Bramo Fafnir 
323P driving 
gear wheel. 


In a]n)ut a, sinnll minority oi tin* 
jfc'iirs tin* ini('i'()-(‘xuminnt ion rc- 
voalod tlio prosrnc'o of cnrbido 
nodul(‘S iK'ar tlu* enter surfnci* oi 
tlu* carburised /one, a.nd some free 
ierrite* in tlu* |j:(‘nerally martensitie 
strnctvirt* of the eon*. in two 
('xarnph's (R('j)orts Nos. 1 and 5) 
att('ntion was drawn to the ])ns:d- 
b'lily of tin* n'finine; tn'atnn'nt 
b('in^r ()mitl('d at the hard'*nine 
stae(‘, a.nd it s('(‘ms likc'Iy oji 


Fig. 109. -Macrostructure 
of Mercedes-Benz D.B. 
60IN airscrew reduction 







Fig. 111.—Macrostructure of 
Mercedes-Benz D.B. 60IN 
airscrew reduction pinion. 

the information proi^ented in 
the reports that after carbur¬ 
ising a single-ciuenching treat¬ 
ment for hardening only is tlie 
more usual practice adopted. 

Furthermore, it is extremely 
pro}:>able that the gears weri' 
lightly tempered up to 200° C'. 
after hardening. This possi¬ 
bility was demonstrate<l with 
Ri'port No. 1 by experinn'iital 
h('<it-tn'a.tnu'nt of a sp('eitn(ii 
from the gear. Ke-qu('nching 
this specinuai in oil at 700° (’. 
i roduced a case hardiK'ss of S24- 
V.P.N., as compan'd with tlic' 
original 743. The core hardness 
was as before—about 327. 
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Fig. 116.—Bramo Fafnir 323P 
crankshaft coupling gear. 

ferrite (Report No. 92) in one only ; and 
the.^e are in the Cr-Mo gronio. 

Cleanness 

Attention lias already been drawn to 
the ])r('senc(' and significance of clusters 
of alumina in Reports Nos. S8a and 88b, 
and of sulphide particles in these, as 
well as in item 92. The spi'cimi'ns \v(*r(‘ 


generally free from large inclusions and 
stringers, the longest of tlie latter, where 
present, being reported at 0-04 ins., and 
this one was exceptional for the number 
examined (Report No. 74b). 

In view of the method of forging the 
gears and the radial deformation joro- 
dueed, “stringers ” have not the same 
significance as. in rolled or forged bar, 
where increase in length is axial- Judged 
as a whole, however, the German gears 
examined were clean, and by British 
Aero-engine steel standards can be re¬ 
garded as equal in this respect. Only 
Report 74b stands out as being notably 
inferior. 

The two Italian gears w^ere reported 
as below British and German stimdards, 
and Reports Nos. 88a and 8Sb again 
came into disfavour as being fairly 
clean, but below the average. 

Mechanical Properties 

As the gear dimensions limited tcst- 
piece sizes, the only teirsile tests avail¬ 
able on the gears were made on miniature 
test-pieces tested in the Hounsfield 
tensometer. The results obtained were 
indicative of good quality imiterials ; 
but no further comment can be offered. 
The isolated shock test made on the 
same machim' and r('ported as an Izod 
equivalent was good, but liad no 
absolute or strictly comparative basis to 
warrant spt'cial consideration. 



Fig. 115 Macrostructure of B.M.W. 132K supercharger 
driving sleeve. 
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■Mercedes-Banz D.B. 601A valve and auxiliary drive wheel 


Fig. 119.—Macrostructurc of 
Mercedes-Benz D.B. 601A valve 
and auxiliary drive wheel. 



Section IX—Bearings 


TOURING the course of the investi- 
gat ions of enemy aircraft com- 
pon(‘nts a number of detachable bearings 
and bushes were found to form part of 
the assembly. The results on the more 
important of these have been sum¬ 
marised and arc briefly disciissed below : 

Crankshaft Bushes 

(a) BAIW 132if Engine {Report Xo. 
28).—A liner with bearing inside the 
splined end of the shaft (Fig. 0 in 
Section 11 on Crankshafts) was found 
to consist of a 0-17% carbon steel 
liner with a cast-on lead-bronze 
bearing. 

(&) Brarno Fafnir 222^ Engme {Report 
No. 44).—Two bushes with steel liners 
were present in this component, one in 
the front end and the other in the rear 
half. Figs. 8 and 9 (Section II) show 
their respective positions in relation to 
the whole component. The front end 
bush consisted of a low carbon steel 
liner with a “ cast-on ” lead-bronze 
bearing, while the rear end was a 0*48% 


carbon steel liner with a lead rich- 
antimony-tin white-metal bearing. 

(c) Fiat A 80 Z?C41 Engine (Report No. 
82).—A lead bronzt^ bearing was cast on 
the inside surface of a 0-17 carbon steel 
liner. 

Connecting Rod Bearings and 
Bushes 

{a) Alercedes—Benz DROOL4 and 
TjBQOIX Engines {Reports Nos. 21 and 
87).—Both series of engines contained a 
roller race bearing at the big end of the 
double rod. These were vt'ry similar in 
design, differing only in minor points. 
Fig. 120 .sliows a photograph of one of 
these in two positions. Both consisted of 
a steel race in two halves, and were 
located in position at the big end hy four 
ginoves into which fitted the bolts of the 
double big-end rod. The roller-race cage 
was also in two halves, but was made of 
a duralumin type of light alloy. The 
longitudinal edges of the races and cages 
were machined with V-shaped notches, 
so that the two opposite edges fitted 
closely into each other and prevented 


Fig. 120.—Mercedes-Benz D.B. 601N. 
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Fig. 121.—Mercedes-Benz D.B.601A. 


(‘xtrnial movc'inc'iit. S(‘\’f‘ral rollers 
wore inclu<l(‘(l in tlic ('xaininal ion. 

The str<‘l parts wore* all of a. similar 
ty])(‘ of composition—\'iz., 1 oar})on 
and chromium, TIk' st('('l had 

a])i)ar(*ntly Ix'on liarrhuiod and lightly 
tomperod, and was of good (juality. 

Tli(‘ big (‘ud of flu* single rod of tlu^ 
DBOOl A ('ngitu* contaiiu'd a bush made 
in two halves. (*aeh half being sorew(‘d 
into position ])y two couiitf'rsimk scr(‘'ws. 


Fig, 122.—Structure at 
junction of steel and 
^ bronze in Mercedes- 
Benz D. B. 6 0 1 A. 

X 200. 



The hush was a com- 
])osite stnictun*, with a 
0*12^’,', carbon shu^l 
liiu'r of no sjX'chil 
((uality and a c-asf-()n 
lead - bron/-(‘ lining. 
Fig. 251) (S(‘e1ion 11T) 
illustrates llu* hush in 
|)osit ion, while Fig. 12f 
(t his se(‘t ion ) is a photo¬ 
graph of t Ik* hush away 
from tlK'conncet iiigrod, 
wliili* Fig. 122 shows the 
(‘tchod struct iii'c at t he 
juiu't i( HI of t ho St ool and 
hron/e. 

ih) n M ir Eiujixv 
122A (lU'port So. 14). 

d’his was a composite 
iniu'r hig-end husli used 

Fig. 123.—Macro¬ 
structure of liner 
of B.M.W. 132K. 








Fig. 124.—Big-end bearing of Jumo 21iri. 


ill the master rod. It consisted of a thin- 
walled cylinder with oil grooves at the 
inside fop and bottom ends. The con¬ 
struction was similar to some of the 
other bushes mentioned—viz., mild steel 
lined with lead bronze. Fig. 123 shows 
a photograph of a section of the liner. 

Junkers Jumo 211 FI Engine {Beport 
No. 115).—The big-end bearing shown 
in Fig. 124 consisted of two concentric 


split cylinders, one of a lead-tin bronze 
and the other of steel with a lining of 
lead bronze. The steel shell was a 0 ■ 15% 
carbon steel. 

Main Bearing from Mercedes- 
Benz Engine DB 601N. 

(Report No. 87.) 

This was essentially a duralumin alloy 
forging surroimding a bronze-lined steel 



Fig.l25.-Main 
bearing of 
Mercedes- 




bush with a protruding steel pin on each 
edge of the light alloy casting (see Fig. 
125). The bush was a cheap quality mild 
steel, 0-12% carbon, on to which a lead- 
bronze bearing had been cast. The pins 
were a steel containing 0-46% carbon. 



Fig. 126.—Section of liner in main bearing 
of Mercedes-Benz D.B. 601N. 

Fig. 126 shows a section talmi 
through the liner. 

Miscellaneous 

A number of components (engine and 
airframe) wore found to contain ball 


bearings of various sizes. With only two- 
exceptions the steels were of the carbon- 
chromium class, containing 1% carbon 
with chromium varying from 0*5 tc>' 
1*5%. The composition of tlie rac(‘s was 
generally at the higher end of tla^ 
chromium range, whiles the balls w(T(! ah 
the lower ('iid. Tlu* (‘xeeptions wen^ 
firstly, the ball bearings exaniine<l und(‘r 
Report No. 105, w'hieh W(a’e foimd to 
be made from a stcs'l containing 0*42% 
carbon and 13*4% chromium, and, 
secondly, a ball thrust bearing examined 
under Report No. 37, in which th(' Vmll 
was found to contain 1 ‘’v, carbon, 
chromium, 0-30^^', molybdenum, and 
0*2()% vanadium, 

Tn the small (uid of the various con¬ 
necting rods examined the busings w<'ro 
in gpiu'ral made from phosphor Vjronze 
or jiearlitic cast iron. In oik' inshince a 
cop])er-nickel-silicon alloy was used. 


74 


Section X—Camshafts and 
Airscrew Shafts 


A.—CAMSHAFTS 

NLY two camshafts were examined. 
One of these consisted of a por¬ 
tion from a Junkers Jnmo 211A engine 
(Heinkel lllH) (Report No. 7), whilst 
the other was a complete shaft from a 
Mercedes-Benz DB. 601A engine (Report 
No. 20). Both had been case-carburised 
on the hearing snrfaces. Their analyses 
and mechanical properties are given in 
Tables XIV and XV respectively. 

The Jumo 211A camslmft included five 
groups of cams, each consisting of two 
inlet and one exhaust, vrhile those of the 


well finished all over. In both cases 
there was evidence of slight scoring. 

Composition 

Two different types of steel were 
found to have been employed— viz., the 
Jumo 21 lA shaft consisted of a 
1*75% chromium, 1*5% nickel, 0*22% 
molybdenum steel of the case-hardening 
tj^e, whilst the Mercedes-Benz RB. 601A 
shaft was of a chromium-molyb¬ 
denum steel containing l°o manganese. 
The sulphur and phosphorus contents of 
both steels were very low. (See Table 
XIV.) 


DB. 601A shaft were arranged in pairs, 
the individual cams of each pair being 


Fig. 127.— 
Jumo 211A 
camshaft 



Method of Manufacture 

Both shafts were probably made from 
electric arc steel. 

The method of preparation before the 
actual carburising differed somewhat, 
the procedures probably being as 
follows:— 

Jiono 21L4—Drop- 
forged, rough-machined, 
li'aving excess material 


that th(-y probab¬ 
ly ojHUated both 
itilol and exhaust valves. 

T!i(‘rew(’re six such pairs in 
all. Fiizc. 127t()129illustrat(‘ 
th('S(‘ and otlu'r fiaitures. 

The two shafts dilfeu'd in that the 
Jumo 211A was ground only on the 
working suilaces—i.e., cams and hear¬ 
ings—and show'(‘d a good gtaim-al finish 
in tlu'Sf' ])ositions. The Morcedes-B(mz 
DB. 601 A, o!i the otlu-r hand, was 



where' the sliaft was ultimate 
to be soft, an<l then carbiiih 
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part was tlic'u finished machined, the 
case being removed where the shaft was 
idtimatcly required in the soft con¬ 
dition. It was tl 1 en final 1 y heat -tri'ated 
and finislu'd ground. 


Grain Size 

The Jnmo 211A shaft was found to 
hav(‘ an inlu'rent coarse grain siz(^ 
(In<l(‘x No. 1-2), and thoDB. (iOlAshaft 
was medium to fim' (Ind('x No. 4 to 0). 



Fig. 128.—Jumo 211A camshaft (part enlarged). 


TABLE XIV. 

CAMSHAFTS AND AIRSCBEW SHAFTS: CHEMICAL COMPOSITION. 


Eoport 

No. 

Type of 
Engine'. 

Com¬ 

ponent. 

C. 

Si. 

Mn, 

S. 

P. 

Ni. 

Cr. 

M(i. 

Cu. 

Al. 

Ti. 

7 

Jumo 211A 

Camshaft 

0-13 

0 -22 

0-38 

(eOdS 

O-OKi 

I'.T.I 

1 ‘ 7 ’j 

(1-22 




20 

Morcedos-BonK 
D.H.OUl A 

Camshaft 

0-23 

U-38 

0-94 

O-Oll) 


o-n-j 

I -IIT 

U-22 

0 •()(! 

u-uc 

trace 

3G 

Briimo Fiifnir 
32 3 P 

Air acre? w 
Shaft 

0-34 

0-23 

0-40 

0 -OfiO 

o-oir. 

i-s;: 

2 •()() 

O-ll 

0-Oi) 

0-lL 

— 

,83 

Fiat A. 80 
EC.41 

Airscrew 

Shaft 

0-2i) 

()-24 

0'7o 

U-0(lH 


2-Its 

1-08 

o-ni 



trace 



])B. ()01.4.—Maeliim'd fimn bar stock 
to si7.(', plus a grinding allowance on th<‘ 
W(‘aring jiarts only, and then carhurised. 
The ])arts not reejuin'd to be hard were 
protect(‘d against carburising in some 
inaniH'r, lad tins apju'an'd h) have Ix'en 
ineftectiv(‘ly carih'd (nit as a ])atchy 
rcannant case wa.s obs('rved on tlu'se 
parts. The shaft was tlieii filially heat- 
treated. 


Fig. 129. Mercedes-Benz D.B. 601A 
Cleanness 

Cenerally s])eaking, both ste<‘ls eoin- 
])an’(l reasonably well with British air¬ 
craft materials, although occasional long 
silicat<‘ stringi'rs wiu'i' ohser\'ed in tin' 
Jumo 211A shaft. 

Hardness 

Both camshafts wta-e found to bo 
carburised, and wbili' oik' composilion 
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fjumo 211 A) wa« obviously a case- 
hardening type, the other shaft (DB. 
OOIA) was rather an unusual type for 
this purpose. Being substantially nickel- 
free, however, the comparatively high 
carbon content of this latter material 
had no doubt been used, with the idea 
of obtaining a satisfactorily high hard¬ 
ness on the uncased parts and as a 
substitute for nickel which is normally 
present with chromium in case-hardening 
steels of high core strength. 

The hardness and tensile data may be 
summarised as in Table XV. 

The general hardness of the wearing 
surfaces of the DB. 601A shaft is lower 
than usual for this class of part, and the 
erratic hardnesses foimd on these parts 
is considered to be due to insufficient 
quenching. Some variations in the 



Fig. 132.—Normal case on bearing of 
Jumo 211A camshaft. x 40. 


TABLE XT. 

CAMSHAFTS AND AIRSCREW SHAFTS: HARPMESS VALUES AXB MECHANICAL PROPERTIES. 


Bf'port 

"„T 

EiigiiK*. 


Grain 

Size. 

Diamond Hardness, j 

y.p. 

M.S. 

El., 

II. A., 

IzoJ 

rt.-ii). 


ponent. 

Case. 

Core. 

Tous/sq. ill. 

7 

.Jumo 

L’llA 

Camshaft 

1 to 2 

S4G 

max. 

373—390 

- 


- 

- 


:Jii 

Mpreodes-Bi'iiK 

D.B.fiOl 

Camshaft 

-1 to G 

779 

max. 

450 

— 


— 

— 

— 

;->(j 

lirarno Fafiiir 

:!2aP. 

Airscrew 

Shaft 

1 to 3 


3l)i)—3S3 

7U-1 

75-S 

23'll 

5 9 • G 

5S, 59. ru 

s:) 

Vht A. SO 
RC.Il 

Airscrew 

Shaft 

5 to G 


34(1-. 33 d 
lillX 

72-4 


19 ■(.) 

(ill'4 

47, 49, 51 


* Rciiriug riurfime case-curburised. 



camshaft 

cas(' liardiK'ss of the sc'veral cams from 
th(' Jumo (‘ugine were later found 
to bo diu' to variation in case dc'pth. 
For fuller (b'tails s ('0 Figs. 130 and 131 
and Tabl(' XV. 

Microscopical Examination 

Botli structure's indicati'd that the 

Fig. 133.—Core structure 
of bearing of Jumo 211A 
crankshaft, x 40 
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Fafnir 323P engine (Report No. 36), and 
the other from the Italian Fiat 
A80-RC41 type (Report No. 83). A 
summary of the essential data is given 
in Tables XIV and XV. 

Both appeared to be well finished, and 
the general appearance is illustrated in 
Figs. 137, 138, 141, and 142. The Italian 
shaft showed some irregularity in the 
splining towards the larger diameter 
end. 

Composition and Method of 
Manufacture 

Both steels were of the nickel- 



Fig. 140.—Structure of Bramo Fafnir 
323P airscrew shaft. x 400. 



Fig. 139. Further section of Bramo 
Fafnir 323P airscrew shaft. 


Fig. 138. -Section of Bramo Fafnir 
323P airscrew shaft. 
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Fig. 141.—Fiat A. 80R.G.41 airscrew shaft. 



Fig. 142.—Details of Fiat A. 80R.C.41 airscrew shaft. 


cliromiiim-molybdoimTn class, but diff- 
ovod in composition as follows :— 

(a) Bramo Fafnir 323P.—2% Ni, 

2% Cr, with 0-5% Mo.' 

(b) Italian Fiat A80.RC4].—3% Ni, 

1% Cr, with 0-5% Mo. 

Sulphur and pliosjjlionis contents 
wi'vc very low in both materials, 
sn^j^esting ba-^ic ai'(^ stt'el mauufaetun'. 
The Italian steel had <‘vid('ntly iKuai 
titanium treated. 

The methods of manufactur(‘ of th(j 
shafts were diffei'imt in that the Ct'rman 
one appeart'd to have b(‘<:m made from a 
tapen'd forged solid blank by pi(‘rcing 
and flanging the wider end, th(‘ n*- 
niaiiKh'r of tiie centre being removed In- 
machining. On thc‘ otlnn- hand, th(' Fiat 
sliaft was consid('i'ed to liave h(‘(‘n made 
from a solid bar, rt'dueed by slight forging 



Fig. 144.' Structure of Fiat A. 80R.C.41 
air-screw shaft. x 500. 
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Fig. 143.—Section of Fiat A. 80R.C.41 airscrew shaft. 


at the various smaller diameters. Figs. 
139 and 143 illustrate these features. 

Inherent Grain Size 

While the Italian airscrew shaft was 
found to have a fairly fine inherent grain 
size (5 to 6), its German companion was 
rather coarse (1 to 3). 

Hardness and Mechanical 
Properties 

Both shafts gave imiform and fairly 
similar hardness values of approxi¬ 
mately 375V.P,N. and 336 BHN for 
the German and Italian types respec¬ 


tively. The tensile strengths were 
likewise similar, both being in the 
region of 75-77 tons per sq. in. See 
Table XV. 

Microstructure 

In each ease, the etched structure 
was found to be fine sorbite. siigg(‘sting 
uniform heat-treatment by hardening 
and tempering. Figs. 140 and 144 illus¬ 
trate these structures. 

Cleanness 

Both compared reasonably well with 
British aircraft steel. 
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Section XI—Castings 


A NUMBER of Gerimn aircraft 
components were found to have 
been made as alloy steel castings, and 
in view of the high quality of these, the 
sections of the reports dealing with 
castings were abstracted and issued as a 
separate report by the Aero Components 
Sub-Committee of the Technical 
Advisory Committee. The salient fea¬ 
tures of the results of the examination 
are here summarised :— 

Of the eight castings examined, five 
formed parts of the landing or take-off 
gear, the other three being parts of the 
fuselage. The individual components 
are enumerated, together with the 
appropriate references, in Table XVI. 

Surface Appearance 

All the castings had a good finislu 
althougli on many of them a consider¬ 
able amount of machining had been 
carrie<l out, not only on mating surfaces, 
but also on the more highly stressed 
portions. The component which had the 
h^ast satisfactory surface was the take¬ 
off hook (Report 34), and, as will be 
observed, the quality of this particular 
article was, from all aspects, of a lower 
standai'd than those items associated 
with the landing gear. Instances of 
surface inclusions of sand, general 
roughness and surface* cracks W(?r<^ 
pr('s('nt in the hook, whon'as in the other 
components such deh'cts were absent, 
except to the extemt that some eviflence 
of roughn('ss an<l adherent sand was 
found in those portions which, due to the 
shape of the eastings, were not accessible 
for machining and/or grinding opera¬ 
tions. 

Soundness, Etc. 

An outstanding characteristic of all 
the castings examiiu'd was their intc'rnal 


soundness and freedom from contraction 
defects. Only two instances were noted 
of very slight unsoundness—viz., the 
shock absorber stmt (Report 26) and 
the V connecting piece (Report 53). 
Wliilst there is no doubt that intensive 


TABLE XVII.—KESULTS OP EXAMINATION 


Export 

Conipoiiciit. 

Aircraft. 

l'(! 

UKnRRCARllIA(!K 

PARTS 

Jiinkfirs SS 


Shock tihsorber 
strut 


a-i 

ASSISTKP 'rAKK-OFF 

Hook 

lleinkol HI 

112 

PORTfON OF WlN(! 
ROOT FiTITN’(J 

Heinkel 111—H(l 


Mai.v 

Uxpkkcarkiaok 

STRUT 

Axle and knee piece 

Mtsserschmitt llo 


Retraction bracket 


51 

CORNTCR C'ASTINIl 

Messerschinitt llo 

5;; 

V eo.VNlXTION’ PIKCK 
FROM (JKNTRK 
SlOCTIO.N' SI’AR 

Messerschniitt llO 

05 

I'NDI-nwaRRlACiU 

surroriT 

Head 

.Aless(>rsehniitl lo'.t 


P(JOt 



Torsion Links : 

I^jjper 

Lower 


00 

U.N'DKRCARIUAiil'; 

Brackkt 

(i’ortj 

Ap'sserscliinitt 101) 
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TABLE XTI,—COMPONENTS EXAMINED, 


Aircraft. 

Nature of Component. 

Report 

No. 

Reference. 

.lunkers 88 

Shock absorber strut 

■JCi 

Section XITI D 

Heinkcl 111 

Assisted take-off hook 

n 

„ xrv 

Heiukel 111 Hfi 

Portion of wing root joint fitting 

n-j 

„ XIII0 

Messersehmitt 110 

Main undercarriage strut, comprising axle, knee- 
piece and retraction bracket 

49 

„ XIIT D 

„ 

Corner bracket 

51 

— 

„ 

V connecting piece from centre-section spar 

58 

„ XIIIB 

Messersehmitt 109 

Undercarriage strut, comprising head, torsion link 
and foot. 

()5 

1 „ XIIIB 


Undercarriage bracket 

6C 

1 xm B 


OP CAST .STEEL COMPONENTS PROM GERMAN AEROPLANES (Coitinued on j>a^es i(-^7) 


Description of Component. 


.Soundness. 


The connectin;? piece and strut are integrally cast. 
Machined on tubular portion and on mating surfaces of 
connecting piece. The inside of the strut is machined, 
whilst the interior of the connecting piece has not been 
machined, hut only shot-blasted 


Roughly a triangular-shaped web flanged round the edges 
and stiffened by box webbing hook portion at one side 
of apex. In certain po'‘tion‘= the thickness is in. in 
the a.sca.st thickness! M .i-'ni; o;; matingfaces—one 

flange is built up by welding 

A 'P-shaped casting with two closely adjacent vertical 
portiiin.s funning rbi> leg of the T. One end tubular 

Consists of an L-shaped casting with the leg of the L 
tubular in form. This constitutes the axle portion. 
The body of the knee-piece was ^ound except for 
mating surfaces, which were machined. In the case 
of the axle the exterior was finely grour.d and chromium- 
plated, the interior being rough-bored 

r.''<ii.,:ly-:ic,,k;:i,r. (■■".d'U.’n'.«lox ii.r-'i:..!.-! c:.with 
ill. i .r-'!;;.;' I -...vii-g a fln 

f'l.di ii;i'>-r f,■!"••• o-.o ;• .-o was 

r( .igb. li ■ in'-r--;- w -!-ed 

'I’llis is a constituent part of a tail phinc attachment, and 
had been machined on fitting faces The thickness of 
this casting is generiilly approximately in. 

V-shaped tubular construction. The arms of the V bein' 
machined to tubular shape, while the base of the i 
was ujirnachined 

'I’iicre art; three constituent parts of this assembly which 
are castings. The head consists of a cap with an 
extension jiiece of reughly trianfmlar form. This 
has bt-en grit-blasted except on mating surfaces. The 
cored inside holes have not been cleared of siuid. 
Thewe is some cold lapping on the inside of the casting 

'J'his is an L-shaped tube, the straight portions of the 
bore having been rough machiiied before final heat- 
treatinent, .Screwed at each end of casting 

Jtoiighly triangular, with flanged edges. 'Ihere are lugs 
at/ each angle, except that in the case of the upper 
link tlie lug at the apex was double 

'I'hrec lugs in tlie form of a triangle with a boss or mass 
at each angle and Various projecting fins. Aluchined 
on mating surfaces, remainder ground where accessible 


Mitgnetic testing and X-ray examination revealed no 
unsouudness, but a section through the lugged flange 
and head of the central internal supporting fln shows 
slight unsoundness at the centre: Sulphur printing 
show’s slight segregation only in the vicinity of the 
unsound ness 


Microscopic examination reveals a few blowholes 


Apparently sound 


Number of small holes visible on chromium plated outer 
surface 


Apparently sound 


Apparently sound 


Microscopic examination revealed slight jiurosity 


Sound and free from segregation 
'I'here is a small welded area 

This operation has been carried out prior to to heat-treatment 


No unsoundiiess disclosed 


No commouts 


No inU;rnal defects. Two line surface cracks 



stud^’’ of the form of the components 
had bec'ii made in order to evolve a 
design in which irregular and unsuitable 
sections were absent, there were in¬ 
stances of relatively speaking large 
masses inter-connected - by smaller 
isections. 

The only important internal discon¬ 
tinuities noted were those associated 
with non-metallic inclusions. Where 
these were observed, the castings were 
sectioned for macro-examination in the 
position most likely to reveal unsound- 
ness, if such existed. Whilst on many 
of the castings machining operations 
have been performed, thereby removing 
the original cast surface, there were a 
number of surfaces which exhibited the 
original condition. These latter, even 
in the thin sections, showed a good out¬ 
line, indicating satisfactory running of 
the steel. 

Segregation 

No pronounced sulphide segregation 
was found, except in the few instances 
where this occurred locally, and in such 
cases it was associated with unsound¬ 
ness. 

Composition 

The composition of the steel was 
similar in all the examples examined— 
viz., 1% chromium with 0-25% molyb¬ 
denum, although one example (Report 
53) gave a molybdenum value of 0 • 40%. 
Generally speaking, the steels were 
found to bo v('ry pure, as judged from 
the standpoint of the sulphur ami 
pliosphorus content. The analysis i-esults 
are set out in detail in Table XVIII, 
and attention is drawn to th(‘ relatively 
high pliosphorus content of the take-off 
hook, as compared with the other 
castings. 

Accid('uta1ly introduced tdemt'iits in 
the form of nickel and copper W(‘re not 
present to any gi’oat extent; in fact, in 
certain instances the nicked content wus 
so low as to suggest edthe'r scrap spexdally 
selectenl from the point of view of 
freoelom from admixture or that the* 


charge contained a high proportion of 
specially pure iron. 

• Only in two instances had vanaeliurn 
been detected, and the j)roportion 
suggested that it might have been 
accidentally introeluced in the raw 
material. Where aluminium had been 
determined it was not present in a largo 
proportion, which indicated that it had 
been added to such an extent as would 
obtain in normal ingot manufacturing 
practice. In one instance—viz., the main 
nnder-carria-ge strut from the Me. 110 


TABLE XVII coiitd.—UESLXTS OP EXAMINATION" 


Report 

Component. 

Aircraft, 

2C 

UNDERCARRIA.GE 

PARTS 

Shock absorber 
strut 

Junkers 88 

3-1 

Assrsnu) take-ofp 

HOOiv 

Ileinkel 111 

112 

J'OIITTO.V OP \VIN(; 

Root Pittim; 

lleiuk(‘l III—Ki; 

49 

MAIN' 

UXniORCARKrAtJK • 
STRi:'L’ 

Axle und knee piece 

.M(‘sserscliinitt lln 


Ret ruction bracket 


i)! 

(’ok.N’KR Castinc 

Mcssers«‘hmiLt llo 


V CONNKCTIO.V I'lKOP 
PROM ('KNTRK 
SK(”n()N SL'AH 

Mcsscrscliniitt IDD 

{).> 

CNIll-:R(;ARHIA(iK 

SeiM’ORT 

Head 

Messersehiniii lo'.) 


Foot 



Torsion Links ; 

I'pper 

Lower 


nc 

LNOKHCARR! AiiK 
I’.RAPK IT 
( Port) 

Mcsscrsclitnitt 10'.* 
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(Report No. 49)—titanium oxide in¬ 
clusions were found to be present in the 
microstructure, which suggested the 
possibility that this particular element 
liad been employed as a deoxidiser. 
There were also traces of titanium in the 
shock absorber strut from the Junkers 88 
(Report No. 26). 

Steel-making Process 

The indications were that nil these 
steels had been made by the basic 
electric furnace process, although the 


possibility that a process involving a 
final melting in a high-frequency furnace 
could not be ruled out. 

The inherent grain size, as determined 
by the McQuaid Ehn method, was, 
generally speaking, of the fine-grained 
type. It was reasonably consistent in 
the samples examined, with the excep¬ 
tion of the take-off hook, which ex¬ 
hibited a mixed grain of 1 to 6 and the 
portion of the wing root joint fitting 
(Report 112) which also gave a mixed 
grain of 1 to 2 and 5. 


OF CAST STEEL OOMPOiTENTS 


' 

Micro Examination. 

Inclusion Examination. 

McQuaid 

Ehn 

Grain 

Size 

Aciculur stnict'r'* of ’".-.rtonsiki. Slight 

dendritic c, !• jby uneven 

response to etching 

Hounded inclusions few in number. Indicative of 
good quality basic steel. Profialily electric-arc 
furnace process. There is a possibility that the 
acid H.F. may have been used 

r> 

Small dendritic grain structure consisting of ferrite 
and sorbitic pcarlirc. Deciirburisation on all cast 
surfaces to depth of 0"()27in. Complete decar¬ 
burisation to depth of (l•006in. Many fine cracks 
in sorbite situated in inter-dendritic area. Some 
cracks associated with inclusions. WeU Metal: 

r.- •.■.”1'. .■si'.a” :.ri- iS*-" 

Fairly dirty random distribution of small globuar 
oxides and silicates; few small sulphides and 
occasional larger slag inclusons. Tendency to 
group formation of m.v’.U'O’.s- dit'ht segregation 
of sulphides and ox'le sulpinve-s adjacent to 
unsoundness. Weld metal cleaner than parent 
metal—small globidar sulphides and silicates 

1—G 

5 

of 0-()O(iin. Junction: Coarse structure. 

T)cciirt)uri.sation to depth of O’OOHin. 



Hardened and tempered structure. Fine-grained 
sor})ite 

Inclusion count—SO ; very few inclusions 

1—2 
and 5 

Fine crystal structure consisting of dense sorbite 
liaving a, mottled appearance, indicative of the 
cast dendritic pattern. A number of inter- 
dendritic cracks W{‘re fou 2 ul to bo iissociated with 
inclusions 

Slightly dirty random distribution of small angular 
and globular oxides and silicates and a few larger 
inono-phused sulphides and angular titanium 
inclusions 

0—8 

ma-'nly 

0 

Similar structure to axle and knee-piece casting 

Similar to axle and kuee-piccc casting 

Not 

examineil 

Hardened and teiufjered condition 

Inclusion count value:—-'7 

5 and 8 

Iforileneil and tempered structure. Sorbite with 
inteniiingled ferrite. Slight coring 

Inclusion count—.’Jo 

•1—« 

i'ine-gniiiied close sorbite with some intermingled 
ferrite 

small number of globular sulphides and silicates, 
imving a rauclom distribution. Clean fur i>asie 
J'l.l’’. pr(>(a‘s.s 


Idne-graiiied sorliite with some intermingled ferrite 

l-’ew inclusions. Steel clean 

4 

I'.oth castings have a sorbitic structure. Quo was 
iine-groiucd, )uit tiie other was rather coarse— 
appeared to havi- lu'cn slightly overheated in 
treatment 

Very few small inclusions. St<‘el clean 


'I’einpered martensite slightly lacking in uniformity, 
due to ditfereutial n-sjioMse to lieat-treatment and 
etching. Crack is a j)oekefc of unsonndiu'SsO-IGin. 
deep <(l-r)in. thick. (Ixidised and deearlairised 
in vicinity of crack 

Jnter-<leiulritie distrifuitioii. Indicative of good 
tjunlity basic electric fiiniace steel 







TABLE XVTIL—COMPOSITION AND MECHANICAL 


i 



Composition, 

"o- 







Export 

No. 

Compoiif-Tit. 

Aircraft. 

C. 

Si. 

Mil. 

S, 

1*- 

Ni. 

Cr. 

Mo 

. (Jn 

Other 

Elements. 

26 

Und>;bcaiiria(.!K 

Parts 

Shock absorber 
strut 

Junkers 88 

0-23 

0-45 

0-64 

o-ool 

0-005 

0-02 

0-91 

0-25 

0-10 

Ti 0-003 

Al O-063 

.‘{4 

ASBISTKI) TAKE'OPP 

ECook 

Heink«*l 111 

-265 

0-32 

0-63 

0-007 

0-033 

nil 

1-UI 

0-25 

0-14 

0-004 

N.2 0-009 

112 

Portion of Wing 
BOOT Fitting 

Ileiniel III,H6 

0-23 

0-40 

0-66 

0-008 

0-013 

0 -05 

()-93 

0-14 

O-ll 

0? 0-001 

Nj 0-003 

H-a 0-0001 

4!) 

Main undfib- 

CAIUIIAUR STIU'T 
Axle unil knee 
piece 

Messersehmitt 110 

0 -26 

0-39 

rt-61 

0-004 

0-010 

0-14 

()-98 

0-20 




detraction 

bracket 


0-29 

0-35 

0-71 

0-005 

fl-013 

0-09 

0-89 

0-18 

- 

- 

51 

COIlXICn CASTlN(i 

Messerschinitt 110 

(J-21 

0-11 

(l-dl 

0-005 

CI-OIO 

0-07 

0-92 

()•-'• 

<1-14 

- 

5:j 

V CONNKCTION PiKGK 
PROM, CUNTRK 
SECTION STAR 

Messerschinitt 110 

! 

0-28 

()-44 

0 • 59 

O-OOS 

0-016 

o-lo 

0-99 

0-10 

U-17 


65 

U.NDEROARRIAGW 

SUPPORT 

lleud 

Messersehmitt 109 

0-26 

0-40 

0-72 

0-011 

0-015 

0-20 

o-8;i 

0-i3 

0-18 

Al O-OS 


Foot 


U-l!) 

0-49 

0-65 

0-014 

0-012 

O-ll 

0-89 

0-21 

0-18 

V O-Of) 

Al 0-()2 


Torsion JAiiks; 
Upper 


0-23 

0-44 

0-66 

0-018 

o-olu 

0-12 

o-sc> 

o-ls 

_ 

V I' -05 


Lower 


0-23 

0-42 

f)-6« 

0-015 

0-009 

o-li; 

0-91 

o-H) 

-- 

II •05 

(U) 

Undercakhiack 

PHACKKT 

(Port) 

Messersclimitt 109 

0-25 

0-42 

0-69 

0-009 

0-012 

o-os 

0-'.l8 

0-12 

O-IO 

Al ii-ii.s 




PHOPEBTIBS OF OAST STP:EL COMPONENTS. 




Mechanical Tests. 


■■J’est-pieco 

Location. 

Test-piece 

Hiinensions. 

L,P. 

Proof Stress. 
Tons/sq, in. 

Y.l\ 

M.S. 

Elongation, 

B.A, 

Izod, 

Hardness. 


O.-l 

%• 

()-2 

%• 

0-5 

%. 

Tons 

sq.in 


/O* 



CoTincetiug 

])iecp. 

0-0Til) in. X 
()-(l7S in. 

Slig 

htly 

defe 

tive. 

(57-9 

Gll-y 

7-5 

(Sin. GL) 
3-0 

(2 -4 in. GL) 

- 

- 

- 

Siiock iibsorbfT 
strut 

0-0,"id in. X 
d-ilT-j in. 

36-0 

57-2 

Gl-fi 

(ifi-4 


72-2 

17-3 

(0-75 in. GL) 
7-0 

(2 in. GL) 


■ 

:;o 2/321 
Brinell 

P>o(jy 

1-1 in. G.L. X 
d-SlLii in. dia. 

Bei 

Ba 

Id 1 
iiusj 

n.X; 
in.— 
crac 

in. 

101“ 

ted. 

secti 

an. 

59-2 

18-2 

50-0 

35, 28, 29 

271/306 VPN 

Hook 

Weld metal 











226/262 YPN 
204/287 YPN 

Horizontal 
I)ortion o£ 

T. 

(>•177 in. diu. 


“ 



03 • 7 

56 -9 

20-0 

54-0 


255—269 

Axle 

('binge length = 

_ 

„ 

_ 

_ 

__ 

75'U 

S-0 

25-5 

__ 

327/354 YPN 
on casting 

‘1 "Vst'ct. area 










Knee piece 

A,s above 


- 

- 

- 

- 

77-0 

9-0 

25-() 


366 VPN 

Betraction 

bracket 

generally 

— 

— 

“ 



— 



_ 


324/336 YPN 

Casting 

0*1,‘17 in. X 
O-Miiin. 


- 

- 

- 

61-5 

66-0 

23-5 

4V A 

55 •(.) 

— 

302/311 

Brinell 

Parallel to 
one anil of 

V 

(,)*iy7in. dia. 






5-d-9 

24-(.l 

67-0 


269 

Brinell 

Parallel to tnain 
bearing 

d'ensile, 

0 -IiriT in. dia. 
1.1 in. O.L. 
hot], 

ID nun. sq. 






61-0 

l4-d 

OilH 

4(b(i 

34, 38 

286 Brinell 
ihiiform over 
easting 

I'd’otn ax'le 
[airtion 

Ten.silo, D'l in. 
X D-iigj in. X 
i in. (i.L. 
Izod ; Avery 

test-jiiece, 
in. X fff in. 





1 

1 

1 

62'6 

17-5 

4.-!-4 

15, 15 

(Aotnal). Izoil 
equivalent 

7U ! 

3Dd YPN on 
casting 

Flange portion 
of Uflp'-T 

link 

'I'etisile, 

D-P’.jin.yd-rii]) 
U-1 in. G.L. 
Izod. 

i* ill. X in. 

:\ very 
test-piece 



_j 



i;7*d 

16-5 

35-0 

12, 11, 12i 
(Actual). 47/51 
1 z<k1 

equivalent 

3i)dVILV on 
both eastings. 
Guifonn 

rib 

D-liUin. 

D--j(J in. X in. 
U.L. 

.'lU-a 

r)!)-4 

(Id-3 

i 


66-1 

Id-D (2 in.) 
12-S 

4\'a 







Cleanness 

Tlio castings were all inodeiatt-iv 
elt'iin from tlio standpoint of inclusions 
with the exception of the tahi'-off 
hook where the lower quality was again 
e\? inced- 

Microscopical Examination 

Examination of the structure in¬ 
dicated that all the components were in 
the haidened and tempered condition, 
and that this heat-treatment had been 
carried out satisfactorily. The only 
criticism which could be made was with 
rt'gard to one of the torsion links from 
the. under-carriage strut of the Messer- 
schmitt 109, in which there were indica¬ 
tions of over-heating during the liarden- 
ing operations. In a limited number of 


hav(‘ been expi'cted from wrought 
artich's conforming to British Aircraft 
Specifications. The high degree of 
purity in some of the Cu'rman com* 
joonents was so marked that an analysis 
of the ni(‘chanical ti'st n^sults considered 
in conjunction with this has been 
abstracted and is set out in Table- XIX. 

There was necessarily considerable 
variation of the test-jfu'ce' size which 
liael be’eai govern(‘<l by the cross-sc'ctional 
area available. The feirin of the te'st- 
piec(^ was chosen to give^ results as 
regards elongation which were', or closely 
approximated to, an ('ffe'ctivei gauge" 
length of fenir time's the* sejiuire' root of 
the cross-sectional are'a. 

The range of tensile stivngth from 
52-77 tons pc'r sq. in. is cotn])arable with 


T.\aLE XIX.—ANALYSIS OF MROlTANrOAL TEST RESULTS. 


Re?port 

No. 

Aircraft. 

e'loinponciit. 

'IViLsilee 
Strength, 
Tons/ 
sq.in. 

Ml., 


P., 

% 

4<.) 

Mcrtsorse'-hnutt 110 

Kiice.'-pie-ce; 

77<(i 

,, 

<l•e»(l.', 

0-013 

49 

Junkers SS 

Axle 

•7r)-(i 

s 

e)s)iii 

O-Olo 

l'(! 

Shock !ihse)rl)cr strut 

72 -7 

17-3 

ei-iiei.i 

()•()( If). 

(i5 

Me.'fise'rschrnitt 109 

Torsion link 

(J7-ei 

Ii!-r, 

(|•(11S 

o-()l() 

()(> 

,, 

Undcrcarriupe- Imickct 

eiei • 1 

12-8 

ei-iieio 

(l-Ol'i 

oL 

Mossorse'.hmiit llO 

Corne>r custinK 

e;e;-i) 


()•()( la 

0-0 ID 

(io 

Me'sse'rHchmitt 109 

Head 

e;i •() 

htf 

ei-eill 

O-OIT) 

U 

Ile'iukcl ni 

Take-oil liook 

59-2 

l8-:i 

()•|)(17 

u-o:i3 

.112 

He'iiikfl 111 11(5 

Bortioii of wiii^ roe>t littinf^ 

r)C,-9 

2()-(j 

osieiH 

0-1)13 

53 

MaaseTschniitt 110 

V coniK'Ctiiii' pie'cc from centre 

1 si'iir se'ediein 

52-9 

21 

ei'DOS 

o-e)ie; 

fio 

Mcsse-rHchinitt 109 

Foot 

52-(; 

ir-.i 

e)-0]-l 

0-012 


f Broken outxiile! t.lie middle half of test-piece. 


instances the^re^ we're' inte'rnal micro¬ 
scopic cracks whicli appf'are'd to ho 
associated with inclusions. (Sf'c Table 
XVII, pages 8fi and 87.) 

Mechanical Tests 

Mechanical test-piece's hav<' be'e'n ent 
from the castings anel the te'st rejsults 
are give'n in Table XVIIT., together with 
an indicfition of the' locations of the' 
t('st-pi('ces. 

Tlie elongation value's obtaine'el on 
castings of a given te'nsile stre-ngth 
varie'd rather wiele'ly, anel in semici 
instances the'y we'U' as high as might 


tliat ce)ve‘re'd hy wrought aJle)y ste'e'l in 
British practice', whilst the* e'longation 
show^s rathe'r wieh* variations. 

The'i'e' are' insl<mce*s whe're', ahhe)ugh 
the' e)rd<'r of the' stre'ngth is similar, the* 
de'gre'O of eluctiliiy is e)utst uiieliiig. This 
was ('X('m})lifie'el hy the e!e)rne'r eaisthig 
(Re'portNe). 51) with a, te'nsile' stre'ngth e)f 
fifi te)ns,pe'r sep in. and an e'longatieen e)f 
23-5“o, mid the* slme-k ahsorliur strut 
(Re'port No. £()) with a, te'nsile' stre'ngth 
73 tons jM'T- srp in. and a,n e'longiithin e)r 
17*3‘^’o. The'se' twe) [)arti(n)hu’ e-oin- 
peaicnts hael e'ae'li a low sulpliur and 
phe)splie)nis e'e)nt('nt, a.nd it wemlel he' 
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observed that there was a marked trend 
to employ thc^ purer material in those 
components which possess the higher 
tcmsile strength. 

When considering the ease of the 
foot casting (Report 65), which had a 
relatively low ductility, having due 
regard to the tensile strength, it should 
be borne in mind that the carbon 
content of this particular component 
(0-19%) was the lowest of the series. 

In only a limited number of cases had 
impact tests been carried out, and these 
showed the material to be tough, but 
the data were insufficient to enable any 
detailed conclusion to be drawn. 

Welding 

The only welded casting was the 
take-off hook. Analysis of the deposited 
metal revealed it to be of the same type 
of composition as the body of the cast¬ 
ing. Actually, the chromium content 
was somewhat higher, and the carbon 
slightly lower than the parent metal. 
Microscopic examination showed that 
there was a good jimction between the 


weld metal and the casting ; the former 
being the cleaner metal. 

General Remarks 

Summarising, the investigations had 
indicated the attainment of a high 
degree of perfection in the production of 
thase aircraft castings, which could 
only have been attained by prolonged 
development of technique, not only from 
the point of view of design, but of the 
whole manufacturing operation- 

A noteworthy feature was the uni¬ 
formity of the tj’pe of steel employed— 
that is, a 1% chromium 0-25% molyb- 
denum steel. The carbon content varied 
from 0* 19 to 0-29%, but the other con¬ 
stituents w^ere normal with the 
exception of sulphur and phosphorus, 
which were of such a low order as to 
warrant the conclusion that they had 
been adopted as the result of consider¬ 
able experience. 

Illustrations 

The various components are illus¬ 
trated in the relevant sections (see 
Table XVI). 
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Section XII—Miscellaneous 
Engine Parts 

^’T^HE parts conKidered in this section Jumo 21 IF I (R(‘port No. 121). A 
comprise: — (A) Fuel injection summaiy of the (‘sscaitial details are 
pump barrel and plunger; (B) Hydraulic given in Table XX. 
clutch; (C) Supercharger parts; (D) Figs. 145 and 141) illustrate the puini) 
Spider; and (E) Airscrew hubs. ])arts from both engines. The dc'sign i^' 

somewhat similar in ('ach case, although 
A. FUEL INJECTION PUMP o(U‘tain small variations can bo seen. 

BARREL AND PLUNGER plunger of each type was a close*, 

Two such parts have been examined : sliding fit into tlu* barrel, and in eacli 
(1) from a Mercedes-Benz D.B. 601A case the surfaces had a smooth lap 
engine (Report No. 73), and (2) from a finish. 



Fig. 147. Section of Jumo 2nF 1 
Fig. 145.—Pump plunger and barrel pump barrel and plunger, showing 
of Mercedes-Benz D.B. 601A. case. 


1)2 


Composition 

Both components from the Mercedes- 
Benz consist of a direct hardening 1% 
carbon, 1|% chromium steel; while 
those from the Jumo 21 IF 1 were case- 
hardening types of steel. The plunger 
was a 1 % chromium-molybdenum tj’pe, 
but the barrel was a. plain carbon steel 
with 0‘18% carbon. Both types were 
case carburised. 

Method of Manufacture 

All the analyses suggested that the 
parts had been made by the basic 
electric-arc process. 

Cleanness 

In each case the cleanness was con¬ 
sidered to be reasonably good, and the 
following inclusion counts were recorded: 

Barrel. Plunger. 

Mercedes-BojizD.B. 601A 40 49 

Jumo 211P i. 46 28 

Inherent Grain Size 

While the Mercedes-Benz parts were 
found to be of the fine-grain type (6 to 7), 



Fig. 148.—^Etched structure of Mercedes- 
Benz D.B.601A plunger, x 200. 


the Jumo parts were somewhat of a 
coarser rating, namely, the barrel was 
4 to 6, with a few coarser grains, and 
the plunger was 1 to 4 (mamlv, 
3 to 4). 

Hardness 

The following hardness values were 
obtained :— 

Surface. Core. 

Jumo 211F1 Barrel. 8S2—912 D.PL. 216—221 D.H. 

Plunger. 849—S69 D.H. 456—459 D.H. 

The core strengths of the Jumo barrel 
and plunger approximated to 47 and 
about 94 tons, respectively. 

Metallo graphic Examination 

The D.B. 601A barrel and phmger 
were both in the hardened and lightly 
tempered condition, the latter having a 
pronounced banded structure. 

Both the barrel and the plunger of 
the Jumo 21 IF 1 pump were carbon 
case-hardened, the depth of case in each 
sample being 0-03 in. (Fig. 147). The 
etched structures were satisfactory (see 
Figs. 148 and 149). 



Fig. 149.—Etched structure of Jumo 
21 IF 1 barrel, x 50. 





TIk^ grain flow sliowod tl)at all tho 
]-)ai'ts luul ])(‘('n inacfliiiK'd from ])ar 
stock. 

B-—HYDRAULIC CLUTCH 
Mercedes-Benz D.B. 601N. 

Only one ckitcli was ('xainim'd, and 
details are gi\’en in Table XX. Fig. 150 
illustrates a general vi<‘W of tlu' clutcli, 
■while Fig. 151 sliows an ('xtenial view of 
the rotor an<l cover-platc' separati'd from 
the casing. Fig. 152 is a view of tlio 
sectioned clutch. 

The surface finish was originally 
smoothly machiiu'd and polished, but a 
large part exhibited discolorations 
similar to temper colours, and tlio 
examination suggested that the clutch 
had run hot at some stage. 

The following remarks apply only to 
tlie four main parts, viz., the casing, 
rotor body, rotor sliaft, and cov(n‘- 
plat('. 


Composition 

Tile parts wc're all mad(‘ from 
chroiniiim-inolybdeniini steels, hut thri'C 
diftennit conpiositions WiU’e involvi'd’ 
(se(‘ Tal)l(‘ XX), oiu' of whieli eoutained' 
vanadium. Tlu' molyhdcnum contents 
W(M-(^ rath(‘r varied. 

Method of Manufacture 

With tlu'('xei'ption of the (‘ov'cr-plate, 
wliicli contained ()-()3()",> suljihur, the- 
ste('ls wen' jirobably of basic (‘h'ctric- 
arc manufacture. All i)arts w('r(' made 
as forgings. Tin- macrostructun's {)f the 
rotor body and rotor sliaft, ri'spi'ctivelyy 
are illustrateil in Figs. 153 and 154. 

Inherent Grain Size 

The IMcQuaid Elm ti'st showed two* 
of the parts (casing and rotor shaft) tO' 
be of tlu' coars('-gra.in typi', whih' the 
other two could be classi'd as fine-gmini 
steel. 


TAP,ra<J XX.—eoMi’OSiTroN', si/k 


lic-rort 

Typft of 
Engine 

Cninponont. 


Si. 

■Mil. 

s. 

1’. 

\i. 

7:i 

Mfrceilos-lleii'/ 

Fuel Iiiicetioii I’ump. 








n.ll. tiUlA 

Iliirrel... 

Mil 

II -^’o 

(I-IMI 


11-01 1 




i’lung<‘r. 

h-llll 

O-'Jli 

(1 

n-iilo 

O’Oi:', 

0-.)2 

j-ji 

.luino 211 I’M 

I'uel Tiijectiou I’ump. 









Eiirrel. 

(I-IS 

ll•:l() 

I)-:;!! 



0-07 



I’luiiger. 

0- Id 

(•■•-’I 

’,.S. 


- 

o-:it: 

1)2 

-Mcn’cdcs-llcii'/i 

IfV'ilnuiIie. L'luteli. 








D.li. C.iilX 

('usiug . 

(i-l.'i 

()•'_'(; 

(I-D'.’ 

n-ol’.: 

Il-olo 

0-1,% 



('over-plate . 

ll-.R’ 

(1 •:).■) 

II-.'ll 

ll-.UD) 

0-1 rj-j 

O-’Jl 



Hot or i)Oily. 

o..tn 

o-;!i 

O-SC. 

o-iiiT 

o-ol 1 

O-'-'O- 



Hot or «lmft. 



(I-Sh 

, ii-olD 

o-ii:pj 

0-111^ 



Iliill-hearine. 

1 ()-D(i 








Outer Race . 


II - ‘Jii 

j n'-jD 

, o-nl! 

i 0-017 

' 1 i ■ 0 .'p 



Race Bulls. 

1 Mil 

(I-:!! 

1 (l■•J^ 

, 0-017 

j O-O'.'o 

! O-O’J 



(Jlalulling rings. 

1 n-^i: 

i n-'M 


; 0-011 

0-007 

1 0 



Retaining rim* . 

; 

i 

j u-Cl 

, 


I 



Steel iiearing . 

Mil) 



i 

1 


•U 

Me 110 

Super-eharger Intake. 


1 n-irj 

i 

I 




)‘)(ii A 

Sheet. 

1 ll-ll) 


o.lil 

j o-llis 

1 O-OIIS 

1 O-oC, 



X'alies. 

1 ll-ll 

i ■ ' 

1 It-.'IS 


1 


liii 

rial A. S(il!.n..|I 

j Fpi.ler . 

1 I)-::! 

j n-l'i 

, u ■ us 

i 

' o-oi:i 

1 

j " 

t;i 

Mercc(les-!'.enx 

Airscrew hull . 

j ^l•:!•J 

j ()--JS 

I 11-m; 

; "o-on;,' 

o-ol7 

] l-'.l| 


J).ll, t)(»lA 

1 


1 _ _ _ 

1 

.1 . . . 





Fiat A. SO 

1 Airserew huh . 

1 'i.m:; ■ 

1 u-:;i 

1 11 • (i.-j 

i 0-1)11 

o-olS 

, o-i;; 


<)4 
















Cleanness 

The lower sulphur steels compared 
reasonably well with the British 
Standards for aircraft steels. The cover- 
plate also compared quite well except 
for the differences in sulphur content. 

Hardness 

Hardness tests showed the casing to 
have been case-hardened along the 
length of the splined poition, and for a 
short distance along the shaft. In 
addition to which the rotor shaft was 
case-hardened on the whole of its outer 
surface except for the twm threaded 
portions. Table XX should be consulted 
for the hardness values. 

Microstructure 

Both the cover-plate and the rotor 
body had been hardened and had fully 
tempered structures. The casing was 
carburised locally at the splined end of 


the shaft, and the case showed the 
presence of free carbide in martensite. 
The rotor shaft also was carburised, 
and both case and core shouted markedly 
acicular martensitic structures with no 
free carbide present. The carbon con¬ 
tent of this material is rather high for 
carburising steel. 

The rotor shaft part was discussed in 
Section VIII. 

Subsidiary Parts 

A number of non-ferrous components 
were examined but are not included in 
this report. They were as follows ;— 

ia) Impeller inserts—aluminium- 
silicon alloy. 

(b) Three bearings—copper alloy with 
iron, nickel and aluminium. 

(c) Cage from ball bearing—copper- 
aluminium alloy. 

Details of other steel parts are 
included in Table XX. 


AND HARDNESS OP COMPONENTS 


Cr. 

Mo, 

v. 

Cu. 

Al. 

Ti. 

Grain Size. 

Dial! 

Hard 

Case. 

loud 

ne^^s. 

Core. 

Special 

Remarks. 


Nil 

Nil 




0 to 7 


81.3/823 


I-42 

Nil 

Nil 

— 

— 

— 

0 to 7 


823 


(1-07 

Nil 

Nil 

Trace 



4 to 6 

882/912 

210/221 

Case carburised 







(a few coarser 














Ml 

0-20 

Nil 

0-08 



1 to 4 

819/8i:9 

■ir>(!/i.j9 

Case carburised 







(mainly 3 to 4) 










Erratic 3 



Partiailv case 

i-Oli 

0-21 

_ 

_ 

__ 

— 

finainlY 2 to 4) 


27.V320 

carburised 

1 ■ (U 

(i-iU 

d-lT) 

_ 


— 

(i to 7 


303/312 


l-7() 

()*17 

U-IS 

— 



(> to 7 


3(U/371 


1-22 

U-27 


_ 


_ 

(2 to 3 with 

70G~SH2 

44S/4o8 

Case carburised. 
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Fig. 151.—External view of rotor and 
cover-plate, Mercedes-Benz D.B. 60 IN. 


Fig. 150.—General view of Mercedes 
Benz D.B. 60IN clutch. 


Macrostructure of rotor body, Mercedes-Benz D.B. 601N 
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Fig. 154.—Macrostructure of rotor shaft, Mercedes-Benz D.B. 601N. 


C.— SUPERCHARGER PARTS 

These comprise the following 

(1) Supercharger driving sleeve 
(B.M.W. 132K engine) (Report 
No. 30). ■ 

(2) Supercharger intake D.B. 601A 
(Me 110) (Report No. o4). 

A summary of the examinations will 
bo found in Table XX. 

(1) Stipe^'charger Drivmg Sleeve ,— 
Details in connection with the super¬ 
charger driving sleeve (Report No. 30 
above) will be found in Section VIII, 
wlu're it is discussed under the heading 
of “ Gears.” 


(2) Supercharger Intake. —Figs. 155 
and 15B show two different views of the 
supercharger intake. The whole of the 
component had been built up by welding 
mild .steel sheet with mild steel hollow 
vane.s incorporated, all of which were in 
the annealed condition. The component 
had been lightly shot-blasted, and sub- 
sequf^ntly painted all over. 

The non-metallic inclusions in the 
steel indicated a good-quality basic open- 
hearth steel, wliile the welds examined 
were good ; all being reasonably sound 
iind free from scoriie. 



Figs. 155 and 156.—Supercharger intake for Mercedes-Benz D.B. 601A. 
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D.-SPIDER 

Fiat A.80R,C.41 (Report No. 63) 

This is a part from tho vai‘iablo ]')itc‘li 
pi’op(']ler tTK'chanisiTi, and orly ono 
i'xainple lias binai studied. Table XX, 
gives a summary of the trusts earriorl 
out. 

General Features 

Fig. 157 illustrates the outliiu^ of tlur 
spider. 

Th(' whole of tlu( outer surfaee, witli 
tire ('xet'ption of tlio two ])iii‘all(‘l hear¬ 
ings on the three arms, was found to l>e 
cadiniurn-plated. Only small portions 
of tiu' inbu'ior showful this f(Natur<-. 

Composition 

The spider was made from a direct* 
hardening 3% nickel, 1% cliromiuin, 
0-4% molybdenum steel. 

Method of Manufacture 

The steel was of basic (‘l(‘ctrie-arc 
manufactiu-is and tire jrart had Ixuni 
madt' as a forging. Comparison with the 


Fi g. 157.— Outline of the variable- pitch 
propeller spider for Fiat A. 80R.G.41. 

flow structuie of Jlritish birgings of this 
type indicated that tlu* Italian forging 
was appreciably inferior (sen' Fig. 158). 

Inherent Grain Size 

Tins t(‘st sbow('d the matc'rial to bo 
of tIu' liiu'-grain type (Xo. (I). 


Fig. 158. Showing flow 
structure of spider forging, 
for Fiat A. 80R.C.41. 


Cleanness 



Fig. 159.~Outline of airscrew hub cf 
Mercedes-Benz D.B. 601A. 


Hardness 

This was fairly uniform at 401 to 
424 D.H. 


The steel was similar in this respect 
to the average quality of British air¬ 
craft steels. 

Micro - examination 

A sorbitic structure typical of harden¬ 
ing and tempering was observed. 

E.—AIRSCREW HUBS 

Two tyi^es have been examined, one 
being from a Mercedes-Benz D.B. 601A 
engine (Report No. 61), and the other 
from a Eiat A. 80R.C.41 type (Report 
No. 6£). A summary of the details is 
included in Table XX. 

General Features 

The two hubs differed in that the 
German example w^as made as a solid 
component whereas the Italian part con- 



Fig. 169.—Structure of hub forging of Mercedes-Benz D.B. 601A. 
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Fig. 161.—Outline of airscrew hub 
of Fiat A. 80R.C.41. 


sistod of two separate alignable parts 
almost identical in design, except that 
the centre aperture was circular in one 
case and hexagonal in the other. 

Both hubs were cadmium-plated. 

Figs. 159 and 101 illustrate the form 
of the parts. 

Composition 

Th(‘ G(>rman hub was found to liave 
be(>n inad(' from a 2/2 nickel-chromium- 
molybdenum steel, but the Italian one 
was a 1 ‘^(1 chromium-molybdcmum typ(‘. 


Method of Manufacture 

Both types of steel were representa¬ 
tive of the basic electric-arc process, and 
both hubs had been made as forgings. 
In the case of the German one, the hub 
had first been made as a forged block 
and an axial hole had probably been 
punched or pierced during forging. The 
bulk of the metal from the interior 
had been removed by machining 
(see Fig. 160). Examination of the 
Italian hub showed that it had been 
made as two separate drop forgings 
to a contour closely following that of 
the finished article. (See Fig, 162.) 

Inherent Grain Size and 
Cleanness 

The grain sizes in both cases were 
medium to fine. With regard to the 
cleanness, while the German stcH'l repre¬ 
sented good-quality basic electric-arc 
material, the Italian st('el was relatively 
])oor. 

Hardness 

In botli instances th(' liardm'ss values 
were fairly iinifoim at app]-oximat(dy 
300 D.H. 

Microscopical Examination 

Both structures indicnti'd a Jiardcning 
and tempering treatrm'iit. 



Fig. 162.- Structure of part of hub forging of Fiat A.80R.C.41. 
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Section XIII—Airframe Components 


A.—WELDED STEEL ENGINE 
MOUNTINGS 

The components examined were as 
follows :— 

(a) B.M.W. 132K engine (Report No. 
58). 

(b) B.M.W. 801A engine (Dornier 
217E.1 aircraft) (Report No. 130). 

(c) Bramo Fafnir 323P engine (Report 
No. 59). 

In (a) and (c) the mountings were 
essentially of tubular welded steel 
stmctuie comprising an engine ring, 
with attachments for a radial engine 
and struts connecting it to four points 
on the airframe. 


The other B.M.W. mounting (6) did 
not include a ring tube, and was 
incomplete. 

Construction 

(a) B.M.W. 132/1 Mounting .—A 
general view is given in Fig. 163. The 
six strut tubes are attached to the 
tubular ring at three points, at two of 
which hollow formed or box fillets are 
used (see Fig. 164). Fig. 165 shows a joint 
of two tubes to the ring without the use 
of hollow fillets. Nine tubular lugs are 
welded longitudinally to the inside of 
the tubular rings to take engine bolts. 
The two rather massive feet at the air¬ 
frame end, to each of which two of the 


Fig. 163.—General view 
of B.M.W. 132K engine 
mounting. 
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are attached by welding, coiisirti. 
of a central threaded portion machined 
from the ftolid, round which the foot 
has been bnilt up by welding, as shown 
in Fig. 160. The ring is close<l by a 
simple butt joint. 

(b) B.M.XV. SOI A/I Mounting.~A 
general view is shown in Fig. 167. Two 
portions comprise the mountings, the 


larger pi'eee forming a rough M, of 
which the tw'O higher points form two 
similar built-up feed (Pigs. 168 and 169), 
whereas the centre point appeared to 
form a differ (mt type of connection 
(Fig. 170). In the smalbT piece, the two 
brokf'n strut tubr's meet to form a foot 
similar to that shown in Fig, 168, ('xcept 
that tlie foot assembly is missing. 




Fig. 165. 
A joint of 
two tubes 
without 
the use of 
box fil¬ 
lets. 
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Fig. 166.— 

One of the feet at the 
airframe end of the 
mounting. 
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Fig. 167 

A general view 
of the B.M.W. 
801A/1 engine 
mounting. 



(c) Bramo Fafnlr 323P Mounting .— 
A general view of the mounting in given 
in Fig. 171. The engine ring is connected 
to the airframe by eight struts which are 
joined in pairs at the rear, airframe end. 
At the engine-ring end two of the stmts 
are joined to the ring by simple welded 
T-joints, but the rest of the struts 
meet in pairs at the ring, and at two 
of these multiple joints side-plates are 
welded on for reinforcement on both 
inner and outer sides of the joint. 
No formed fillets are used in any of 
these joints. Figs. 172 and 173 show 
joints of struts to ring without and 
with side-plates. 

To the inside of the ring nine pairs 
of formed lugs are attached by welding. 


Each pair of lugs carries a hollow steel 
bolt which passes through a thick rubber 
bush housed in a small built-up fitting 
which takes the engine attachment 
bolts. The ring is closed by a simple 
butt joint. 

All the feet were similar, and a photo¬ 
graph of one is shown in Fig. 174. 

Surface Finish 

(a) B.M.W. 132 A,—Considerable 
variation of the condition of the tube 
surface was observed after removal of 
the paint. The ring tube appeared to 
be lightly but uniformly scaled except 
for local sand-blasting at the welded 
lugs. The strut tubes appeared to have 
been sand-blasted in the vicinity of the 



Figs. 168 and 169.—Outline and section 
of one of the two similarly built feet. 
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Fig. 170. 
Outline of a 
different type of 
connection 
forming the 
mouning. 



wolds, but were fairly uniformly scaled 
elsewhere. The bore of all the welded 
tubes was encrusted with a heavy rust 
growth, but the cross-bracing tube to 
the strut tubes was free from internal 
rusting. The w^hole of the external 
surfaces are coated with a grey-green 
paint, and on removing this it was 


observed that in several places the 
corrosion had penetrated the tube wall. 

(&) BM,W. 801 ^/L—All the .sur¬ 
faces were painted grey-green outside, 
under which the surfaces both at and 
away from the welds were sand-blasted. 
The bore surfaces were lightly scaled, 
(c) Bramo Fafnir 323P.—The whole 


Fig. 171. 

General view of 
the Bramo Fafnir 
323P. engine 
mounting. 



105 






172.—Showing joint of strut to ring 
without side-plates. 


of tlio mounting is coatcMl with alu¬ 
minium paint applied over a thick 
und(‘i-coat of a comparatively soft 
varnish. The surface of the tubes, 
when cleaned free of paint, had a 
matt app('aranee, and a]i]'>('ared to 
hav(‘ bf‘en sand-blasted. The tiib{'s 

W(U‘e found to be lightly but evenly 
scaled in the bore. 

General Observations 

The German mountings consisted 
of tubes, sheet, forgings and mach¬ 
ined parts in chromium-molybdenum 
steel containing about :— 

%" 

Carbon...;. 0-20 to 0-2S 

Chromium. 1-f) 

MolybciGiiTim. U*20 to 0*25' 

The majority of the subsidiary 
parts such as brackets and engine 
bolts were made in the same steel. 

The material was clean and of 
low sulphur content, and was 
probably of basic electric-arc 
manufacture. Tlie inlu'rent grain 
size was in tlu' nuiin fairly fine. 
The mountings W(‘r(^ ass('mble<l by 
oxy-acetyl<‘ne w(‘ldirig without sub- 
se (j 11 ( 'll t 1 1 ( 'at-treat- 



Fig. 173.—Showing joint of strut to ring 
with side^plates. 


mc'ut. Micro-exam¬ 
ination showc'd that 
the tubf'S wf'H^ in 
tb(' normalis(Ml 
e. ondition prior 
to wi'lding in both 
th(^ B.M.W. and 
Bramo Fafuir moun¬ 
tings. Th(' tensihi 
stiauigth of the 
tulx's was of th(^ 
order of 47 to 50 
tons ]>('r srpmri^ imOi, 
and tlu* ductilit y was 
reasonably good, a,s 
shown by fiath'tiing 
t('sts. Sonui of th(5 
w('lds in the complex 
h'et of th(' JhM.W. 
132K mounting, and 
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tho welds in the bracket 
carrying rubber bushes, showed 
that these units had been nor¬ 
malised after welding. 

The deposited metal in the 
welds of the German mountings 
was also chromium-molybdenum 
steel, but contained less chro¬ 
mium (0-75%) than the tubes. 

The hardness peaks, due to 
rapid cooling near the welds, 
were not severe, the highest 
values observed being of the 
order of 351. The tubular lugs 
carrying the engine attachment 
bolts on the B.M.W. 132K 
mounting ring, to which they 
are attached by fillet welds and 
the formed lugs on the Bramo 
Fafnir mounting, exemplify the 
important duty some of the 
welds have to perform in these 
mountings. 

B.—SPAR AND RELATED 
COMPONENTS 

These constitute the following 

1. Centre-section spar (within fuse¬ 
lage)—Me 110 (Report No. 53). 

2. Centre - section spar flange— 

Junkers 88 (V. 4GS) (Report No. 104). 

3. Centro - section spar flange— 

Junkers 88 (4D.M.R.) (Report No. 111). 

4. Top and bottom flange from 
C(aitro-section spar—Me 109 (Report 
No. 68). 

5. Strips from top and bottom spar 
flaiig('s—110 (Report No. 51). 

Figs. 175 to 178 illustrate the appc'ar- 
aiici' of tlu' above, and Table XXI sum- 
marisc's tlie ess('ntial metallurgical 
d(d.ails, 

A brii'f description of each is given 
below :— 

1. Centre-section Spar within F nselage 
{Fig. 175), Me 110.—Complete ([(Tails 
are given in the original r(‘port, witli 
wliicli is coupled Fig. 176. 



Fig. 174.—One of the feet formed on 
this mounting. 


2. Centre-section Spar Flange (Fig. 
177), Ju 88 (Th 467S’).—This part was 
about five feet long by four inches wide, 
and painted greyish-greem. At each of 
the hollow ends a seating was fitted, 
and these had originally a smootli 
machined finish. The method of retain¬ 
ing these seatings w^as not apparent 
(see 3 b(dow). 

The thread('d rings at each end of the 
spar were made from an anodised 
aluminium alloy. 

The spar also carritHl two ball cups, 
riveted as shown by light alloy rivets. 

3. Ce}ttre-section' Spar Flange, Ju 88 
(4i).d/.i?.).—This was similar to thc^ 
above (No. 2) cxc('])t at one (md it 
carri(‘d a collar not included with 
tho above sample. There were no 
ball eups. 

4. Top ana Bottotn Flange from 
Centre-section SpariFlg. 178), J/(' 109.— 
Both bekmgt^d to tlu' C('ntr(‘-sectionspar 
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Fig. 179.—Strips for top and bottom 
spar flanges—Me 110. 

products except in one instance, viz., 
part D, under Report ISTo. 53, which was 
found to be a easting (see Section XI 
on Castings). 

Cleanness 

On the whole the steel used in the 
manufacture of these parts was of a 
high order of cleanness. 

Heat-Treatment 

All the parts showed haede-ned and 
tempered structun's excepting tlie ball 
cups under Report No. 104. In this 
case the steel appearc'd to I'.ave been 
normalised. 

C.—WING ROOT FITTINGS 

The components in vi'stigated were .— 


Fig, 177. -■ 
Centre sec¬ 
tion spar 
flange— 

Ju 88 (V. 

4GS). 


1. Top and bottom root fittings, 
umh'r R('port No. Ill, wluu-e the Me 110 (Report No. 51). 
inolyljd(Tiinn content w'as ]')raetically 2. Small root fitting, port wing, 
nil. (See Table XXI.) Me 110 (Report No. 64). 


3. Top and bottom root fittings, 
Method of Manufacture port wing. Me 109 (Report No. 69). 


All factors pointc'd to elretrie basic 4. Top and bottom root fitting, front 
•are stc'el manufactim', and all com- spar, Ju 88 (V. 4GS) (Report Xh). 


ponents hod bee!i maxh* from hot-worked 107). 
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Figs. 180.—Top wing root fittings—Me 110. 











Fig. 181.- Bottom wing root fittings—Me 110. 

TABLl^ X.Kr.-SPAB AXT> 
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5. Wing root fitting, Ju 
88 (4D.M.R.) (Report No. 
113). 

6. Wing root joint fit¬ 
ting, Heinkel 111 (H. 6, 
No. F. 8 bomber) (Report 
No. 112). 

Table XXII is a sum¬ 
mary of the essential data 
obtained on these parts, 
while Figs. 180 to 186 
illustrate their general 
form and dimensions. 

General Description 

1. Toj) mid Bottom Wing 
Root Fittings, Me 110 
{Report No. 51), Figs. 180 
and 181.—Both consisted 
of a blade-likc portion 
containing a number of 


Fig. 182.—Top 
and bottom 
wing root fit¬ 
tings—Me 109 
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drilled holes. The top fitting terminated 
with a spindle and screwed portion, 
wliile the bottom fitting had a seating 
containing a swivel bewaring. Both 
were painted grey, except tlie ends 
already mentioned. 

2. Small Wing Boot Fitting, Me 110 
{Beport No. 64).—This merely consish'd 
of two forked portions held tog(dher by 
a hexagonal nnt. The ('xposed surfaces 
were covered with grey paint ovc'r an 
oxidised finish. 


3. Top and Bottom Wing Boot Fittings, 
Me 109 {Bep)ort No. HQ), Fig. 182.—Tlie 
top fitting w'as a T-section forging onc' 
end of which Wcis conni'ctc'd with a 
forked iDortion parallel to tin' top of tlie 
T and containing holes for the spindle. 
The bottom component was somewhat 
similar, except that the end of the 
T-section connected with a flat cylindri¬ 
cal X)ortion at right angles to the top of 
the T and carrying a spherical seated 

TABLE XXIL—WESrCr 


No. 

Typo (i£ 
A’lri-Tiilt. 

Coinpxnrut. 

C. 

Si. 

:\iu. 

S. 

F. 

Ni. 

Cr. 

AIo. 

ill 

Me 110 

Wilt;; Fittii)''. 

Tui>-IUiule. 

Nut. 

ICaslKT. 

Eottdiii—Swivel (Outer; .. 

(F:t2 

f)'29 

1-04 

o-ni 

()e.<) 

o-n 

0-32 

(1-72 

(l-dH 

()•()■;{ 

()-3;i 

0 •()(),') 
^)•(ll)7 
()-(H 1 
O'OO-l 

(>■(10- 

0-012 

O-OOii 

0-008 

O-yO 

o-oo 

0-08 

0-ly 

2-12 

1 -02 
2-y.3 
1-51 

0-30 

0-15) 

0-20 

o-oo 

(M 

3Te IIU 

Sinnll Boot Eittiiip. 











LiU'^e. fork . 

()-21 

()-2S 

i)-ri7 

(l•01() 

o-nio 

0-13 

0-»0 

0-20 



Smiill fork.. 

(e-Jl) 

()-17 

O-yO 

(M)13 

0-012 

()-05) 

2-48 

0-21 



Nut. 


(1-27 

(e7() 

(l•(l(.)5 

0-0()<) 

0-3(i 

2-51 

0-25 

m 

:Mo 11)51 

\Vinf' Hoot Fittiiitf. 











Top. 

()•:•{() 


ll-yS 

()-()(l4 

f)-oo(; 

0 • 11 

2-02 

0-43 



fiottom. 

0-24 

u-2:i 

O-yfi 

f)-(l()7 

o-on 

O-lli) 

0-')7 

0-1!) 



Swive‘1 joint (outer) . 

1-01 

IF27 

0-27 

0-0 *27 

0-018 

<0-1)2 

1-40 

Trace 

.107 

.In SS 

Wins' Hoot Fitting. 










(V. lOS) 

Top—Fork . 


Cl-27 

O-yl 

()-()I3 

0-1)2(1 

(l-OI 

2-yy 

0-27 



Collar. 

0 

ocn 

0-.12 

0 ‘Ooti 

0-00!) 

i-!);j 

2-02 

0-32 

11 :i 

.lu SS 

Wiiif' Root Fittiiij?. 

o-:n 

iiRiri 

0-7() 

ti-olo 

O-llR'i 

O-JI 


0-27 


( I n.Mii) 










11-' i 

lli'iiikcl 

‘\Vii)<' Root .Joint Fitting. 










lll-lUi 

1. (..’astiiiq:. 

')•-•* 

l)-l() 

0 (i(i ' 

OMIIIS 

(!-(lR’ 

0-l)y 

0 .)o 

0-1 ! 



‘J, Seiitin«. 

0 

0-27 

0 •<•)(; 

(l•^l^s 

0-00!) 

0-F,) 

2-3(i 

.Nil 



Nut. 

i)-:i(i 

O-.-y 

ll-y'.l 

ll-llOS 

0-(il7 

0-27 

2-3'.) 

o-.;3 



1. Collar. 

O-i'S 

<j-:n 1 


U-U(JS 

0-00,s 

1-Mi 

i-:io 

0-2 7 



Tuiie. 

o-yfi 

I)-20 

Il-lil 

()-()i() 

ll-llll 

0-11 

1 -01 

O-IO 



ya. Fill (tliiii) . 

O-lMl 


1) ■(•)() 

— 

— 


0 -!l!) 

o-i;; 



all. Fill (tliick; . 

(1-27 


I -OS 

— 

j 


0 -(i7 

Nil 



ye. Fill . 

— 

0-2!) 

o-(:2 

— 

— 1 

0-17 

1-10 

o-ll) 



yil.Welii in.-tal 1 . 

— 

U-3l)/ 

1) • yy/ 

— 

— 

D- Hi/ 

!'07/ 

0-1!)' 

1 



O-.R! 

()-t>2 



O'-JS 

1 - IS 

0-3'.) 


Tk*. Weld luctal . 


0.2<.)/ 

()-7y/ 

— 


0-2I)/ 

1-11/ 

Nii 




0-4I 

0-7S 

1 

1 

0-21 

1-22 



0. Iiiti null se-reweil uiciiiIkt 

o-;j 2 

II -27 

1) -.IS 

il-l)!() j 

u-ul 1 

1 - 111 

2-4(; 

n - .‘iy 


7, Pin (tlirouRli ciul of ,j).. 

(1-2:') 

(|•2^l 

1) 


— 1 

3 • 1 :> 

0 -7',l 

.Nil 

1 

S. Washer (on liolt 10)... 

Dead 

mild 

steel 1 

(iMrhojii loss 

than 

0- F’i.) 




0. Fill (tliroufTii luill joint) 

U-2(> 

o-;so 

0-")8 

0-(ll0 

0-007 

0-12 

0 -:)s 

D-IO 



10. Roll ((■omieetiiif' two 











1 portions of liall joint) 

i)-2S 

()-2i) 

()-71 


— 

0 -iKi 

1 -00 

O-Il 



11 . y.’. -e ■; ; ‘Ti) 

(Jarho 

11 Steel 

(at)out 

U - t)'V„ 

earho 

10 






o-lsi 

0-17 


(joJOS 

— 

0 -1)2 

0 ■().•! 

Nil 



1 Rj. Ifemisiiherioal licariiif'.. 

0-:5l 

l)-2t; 

!)• IS* 

o-oll) 

0-012 

1 -i-ej 

2 -4.3 

0'3ii 
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swivel bearing. Both i^arts had smooth 
surfaces covered with grey paint. 

4. Top and Bottom Root Fittings 
[Ju 88) {Report No. 107), Fig. 183.— 
These were very similar in design, the 
differences being only slight ones of 
dimensions. They consisted of two. 
parts, one a forked member provided 
with a spherical seating at one end, on 
which was fitted a collar with an internal 
screw thread and spherical surface 


moving over the .spherical seating of the 
forked member. The fittings were 
painted grey over a cadmium-plated 
surface. 

5. Wing Root Fitting, Ju 88 {Report 
No. 113).—This was similar to Eeport 
No. 107 above, the only essential differ¬ 
ence being that the present one was 
zinc-plated and not cadmium-plated. 

6. Wing Root Joint Fitting, He 111 
{Report No. 112), Fig. 184.—The 


BOOT COMPON-ENTS. 


V. 

Ca. 

Grain 

Size. 

Y.P. 

M.S. 

E. %. 

B.A. %. 

Izod. 

Brinell 

Hardness. 

Special 

Hemarks. 

0-12 

Trace 

6 to 7 

71-9 

77-S 

20 

GO 

46, 53 

375/402 

Bottom similar 


0-13 

6 to 7 

— 

— 

— 

_ 

_ 

311 


0'18 

0-16 

6 

— 

— 


— 

— 

340/364 


Nil 

0-12 

7 






256/257 

(outer) 

471/475 

(inner) 

Inner similar 

Nil 

0-13 

7 

58-2 

61-0 

17 

61-5 


302-311 


0-20 

0-13 

7 to 8 

71-6 

74-7 

17 

61-5 

— 

369-375 


0-17 

0-09 

Pine 

— 

— 

— 

— 

— 

364-375 


0-28 

0-15 

Pine 

72-9 

75-6 

6 

(B.O.P.) 

57*5 

31 

364/418 


Nil 

0-13 

5 (some 3 
and igraius) 
Pine 

74-0 

77-8 

14 

(B.O.P.) 

52-5 

28 

375/387 


Nil 

O«10 






286/293 

(outer) 

504/512 

(inner) 

Inner similar 

o-3:j 

0-17 

About 7 

51-3 

58-4 

21 

Go - 5 

71,94,71 

283/302 

Bottom wing root 

Nil 

0-08 

0 to 7 

7G-6 

80-9 

17 

57 

— 

359/364 

fitting similar 

0-15 

0-lu 

“ 

- 


— 

“ 

— 

302/339 


Nil 

0-11 

Mainly 1-2 
and 5 

53 • 7 

59-9 

20 

54 

- 

255-269 


u-iy 

0*11 

Probably line 

50-5 

55 • 5 

20 

99 


288-317 

2P9-30I) 

302-309 



()-12 

8 or liner 

72 -0 

77. i") 

19-5 

43-5 


358-387 


Nil 

o-oy 

() and 7 

«y-ij 

74-5 

15 

52 


351-364 

358-354 


Nil 

0-07 

4 to 5 

53-(; 

94-0 

21.5 

91-5 

— 

319, 327 


Nil 

— 

_ 

— 

— 

— 

—■ 

—. 

329-337 



_ 

_ 

_ 

—. 

— 

— 

— 

319-325 


Nil 

_ 



— 

— 

— 

— 

341-345 


Nil 

— 

— 

— 

-- 

— 

— 

— 

— 


Brufe 

__ 

— 

1 - 

— 

- 

- 

— 

- 


Traco 

0-07 

0 to 7 

«8-0 

78-5 

17-5 

92 


350-404,358 


Nil 

0-12 

3 to ii 

_ 

__ 

— 

—- 

—- 

280-282 




_ 

_ 

_ 

— 

— 


187-192 


Nil 

0-09 

il to 7 

— 

— 

— 

— 

— 

288-299 


Nil 

U-13 

3 and 4 


-- 



— 

293-299 


__ 

__ 


i _ 



_ 

— 

415-421 


Nil 

0-05 

I’robalily tine 

38-3 

43-.3 

17 


— 

207-208 


I’race 

o-oy 

d 

i ■“ 

— 


— 

“ 

393-368 






Fig. 183.—Top and bottom wing root 
fittings—Ju 88. 


component consisted of two portions 
connected by a swivel joint, and there 
were 13 parts in all (see Fig. 184). 
Tlie whole exterior of tlie component 
and the interior of the tubular part 
were painted. 

Composition 

The analyses were variable, but were 
mostly of the cliromiinn-inolybdemnn 
class with or without vana<liumi. A few 
of the minor parts were nickel-chromiiim- 
molybdeniim typo,. 

Method of Manufacture 

Tlic bulk of tin* material used for 
these parts was considered to b(‘ of basic 
elc'ctric-arc manufacture. Tlu^ sub¬ 
sequent procedure in making th<* parts 
■was as follows :— 


(1) Wing root fittings 
(Me 110) — made 
as forgings. 

(2) Small root fitting 

(Me 110) — small 

fork machined from 
bar, largo fork mach¬ 
ined as forging. 

(3) Wing root fitting 
(Mo 109) — made 
as forgings. 

(4) Wing root fittings 
(Ju 88) (V. 4G.S.) — 
made as forgings. 

(5) Wing root fitting (Ju 
88) (4D.M.R.) ~ 
made as forgings. 

(6) Wing root joint 
fitting (Heinkel 
111) — this compon¬ 
ent consisted of 13 
parts, which arc 
detailed in Table 
XXII. All parts but 
one were hot-worked 
products, and will 
not be discussed 
further. The othcir 
part (No. 1) was a 
good-quality casting 
(see Section X). 

Cleanness 

Most of the parts (‘xamin('<l liad a 
high or(l(U‘ of cleanru'SK. 

Heat-Treatment 

With th<^ exception of tlie outiu* 
swivels, uruier Reports Nos. 51 and (59, all 
components were in the liardeiu'd and 
temper!al condition. 

Special Remarks 

Generally speaking, tlu' parts ('xarn- 
ined were of a liigh standard. Th(‘ 
wing root fitting from a Junkcu's 88 
(4D.M.R.) (Report No. 113), was in the 
nature of a clu'ck examination of similar 
fittings from a JunktTs 88 (V. 4G.S.) 
aircraft reported earlier (Report No. 
107). No deterioration in quality w^as 
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Fig. 184.—Wing root joint fitting—He 111. 


observed except that the recent sample 
was zinc-coated and not cadmium- 
coated as previously. 

D.—PARTS OF 
UNDERCARRIAGE S 

Tlio undercarriage parts examined 
were as follows :— 

1. From a Junkers Ju 88 aircraft. 

(a) Axle, knee-piece (Report No. 
26), Fig. 185. 

(b) Torsion link (Report No. 25), 
Fig. 186. 

2. From a Messersclimitt INte 110 

aircraft. 

(a) Main undercarriage strut (Report 
No. 49), Figs. 188, 189 and 190. 

(b) Tail wheel assembly (Report 
No. 50), Figs. 191 and 192. 

3. From a Messersclimitt M(‘ 109 

aircraft. 

(o) Main undercarriage strut (Report 
No. 05), Fig. 193. 

(b) Tail wh('el assembly (Report No. 
67), Figs. 194, 195 and 196. 


(c) Undercarriage bracket (Report 
No. 66), Fig. 198. 

The items before being dismantled 
are shown in the attaclied photographs. 
In certain cases photographs have been 
included after dismantling. 

Table XXIII gives a summary of 
the essential details of each. For fuller 
details see Section X. 

In the Ju 88 aircraft the knee-piece, 
which also formed the lower end of the 
shock absorber strut, was found to be a 
steel casting made in 0-23% carbon, 
1% chromium, 0*25% molybdenum 
steel heat-treated to a tensile strengtli 
of 70 tons per sq. in. Castings of a 
similar type have beim employed on the 
Me 110 and Me 109 main undercarriage 
struts. 

The axle in the Ju 88 fitting was a 
separate component, being held in by 
keys; b\it in the Me 109 and Me 110 
fittings it was piirt of tlu' casting. Th<' 
torsion links and the head of the Mi' 109 
strut also were steel eastings. A full 


llo 




(lcs(,'i‘i])tioii of tho jM’oper- 
tics (jf all tli(‘sc castin<»;s is 
givt'ii in S('ction X. 

Till' axl(' in tlic; Ju 88 
fitting was rnad(‘ from a 
drawn tubo of chromium- 
moK'l)d('niim steel con¬ 
tain iiig 0-25% carbon, 
chromium, and 
0-24'b, molybdenum. A 
t(‘nsil(' test on a syx^ci- 
rnt'ii from the axle gave 

Fig. 185.—Axle knee- 
piece and shock 
absorber strut — Ju 
88 . 


TABLE XXTIL—EN DERCA RB TAGE COM l^ONENTS. 


Erport 

No. 

Typo of 
Aircraft, 

Component. 

C. 

Si. 

Mil. 

s. 

p. 

Ni. 

Cr, 

2() 

JuiiiterH 88 

llmlercarriage Assembly. 










Shock absorber strut. 

0-23 

0*15 

0-04 

0-004 

0-003 

0 -02 

0-94 



Knee-picce . 

— 

~ 

— 

— 

— 

~ 

~ 



Axle. 

0-23 

0-10 

0-5U 

o-oll 

0-022 

0-02 

I'OS 



Tube from inside axle. 

()•(n 

Trace 

()• 12 

n-{)3,'i 

0-U(U 

Nil 

0-03 



SU'ol key. 

OO!? 

u•2l> 

b-(itj 

()-0l0 

u-013 

0-22 

l-Ol 

25 


Tnr«!r.i 1ml- 



0 • .'iS 


0 -01:1 

0-L2 

1-12 



Torsion link—Steel bush. 

0-28 

0-22 

()-r>a 

u-doi) 

O-OOl) 

0-02 

Ml . 

4a 

Me IKJ 

Main Undercarriagci Strut a ml Axle. 










idunger tubo . 

1025 

()-38 

0 -lo 

o-oi) 

o-oox 

O-IO 

2-53 



Cyliuder tube. 

(1 -23 

(l-Sl 

o-il 

O-Oll) 

0-017 

0-24 

0-99 



Torsion link. 

()-2<i 

0 •2:;.') 

O-liO 

0-i)()7 

0-014 

0-2!) 

1-OL 



Axle j f 

U-2« 

o-:ui 

0 fl4 

()-i)()l 

O-OlO 

o-ll 

0-98 



V Single casting 










KnM-picce | \ 

()-20 

(>•311 

u-r,4 

O-OOl 

(OOll) 

(Ml 

0-98 



■lliidial support. 

0-2 SI 

u-:u 

()-r)2 

0-l»(l3 

o-oll 

0-31 

2 -ll" 



llctraotion arm . 

u-2r> 

ti-:$7 

0 

O-OO'.) 

0-012 

0-U 

0-9S 



Jletraetion bracket. 

O-2'.l 

o-:{3 

(>•71 

U-0(l3 

o-oi:i 

0-01) 

0-H9 

5U 

iMo IIU 

Tail Wheel Asseml)ly — -Barrel 
Portion. 










Outer barrel. 

()-21) 

0'2S 

IJ-oU 

o-oll 

O-OII'I 

0-02 

1-04 



Wehl metal. 


0-2S 





()-«» 



Begistering unit steel pin. 

(l•2S 

o-JS 

U-o.-) 

0 -uo!) 

0 -OOl) 

2-22 

I -S-J 




(1-32 

U-28 

()•(•>« 

o-oll 

o-olo 

0-32 

2 • 32 



Two setscrew's (A.8). 


u-ir» 

0-32 

— 

— 

1) -02 

2 -C.O 



Two setscrews (AlO). 

1 

IJ -uu 

u-oi 

((•72 

- 

_ 

0-02 

1) -OS 


IIG 














values of 52-4 tons/sq. in. and 06-0 
tons/sq. in. for 0-l°o proof and 
maximum stress, with 11*5% elon¬ 
gation on 2 in. This axle had been 
zinc-coated. The axle on the Me 
110 had been chromium-plated, 
but no surface treatment had been ‘ 
applied to the Me 109 axle. 

The torsion link from, the Ju 88 was 
a drop stamping in steel of the 0-4°o 
carbon, 1% chromium, 0-25% molyb¬ 
denum type lieat -treated to give 
0 • 1 % proof stress and maximum 
stress values of 37-2 and 51-2 
tons/sq. in., with 19% elongation 
on 2 in. The links from the Me 110 
were also made of chromium-molyb- 



Fig. 186.—Torsion link—Ju 88. 

denum steel, but with only 0-26°o 
carbon. The tensile properties were, how¬ 
ever, better than those obtained on the 


CMtinwd on pages 120-121. 


.Vo. 

V. 

Cu. 

Al. 

y.p. 

V.S. 

El., 

O' 

/O- 

R.A., 

%• 

Izod. 

Hardness. 

Special Remarks. 




Ti., 








0-25 

Nil 

0-10 

0-0U3 

Al., 

o-oos 

GG-4 

67-9 

GO'S 

7 (on 

2q 

3 (on 
2-4") 

- 

- 

_ 

Single easting 

Single casting 

0-24 

Nil 

0-10 


GO-0 

GG-0 

11-5 
(on '2") 

T" 

“ 

— 

H, and T. 

(1-02 

Nil 

l)-0l 


— 

— 

— 

— 

— 

124/132 

Hot-rolled 

()>23 

Nil 

0-10 

— 

— 

— 

— 

— 


287/315 B.H. 

Cold-worked 

U*22 

Nil 

0-19 


41-2 

51-2 

19 

(on 2") 

- 

- 

- 

H. and T. 

0-24 

Nil 

0-lU 



88 

app’x. 




■ 

H. and T. 

0-27 

()•2^) 

- 


- 

78 

22 

61 

- 

354 (Steal) 

642 (Cr. plate 
max.) 

Chrominm-plated 

H. and T. 

()-24 

—> 

—i 

—- 

.— 

73-5 

17-5 

5.3 • 5 

36-3 

284/351 

H. and T. 

O-T.) 

__ 

— 

— 

— 

tiS-5 

1^2 

G2-3 

— 

318/337 

Nornialise(l. 

C-20 





75-0 

8 

25-5 


G73 max. Cr. 
plate 

33^/354 (teteel) 

Chromium-plated, H. and T, 
cast 

U 20 





77-0 

9 

25 


G73 max. Cr. 
plate 

3GG (Ste^l) 
396/412 

H. and T. casting 

i)-2t! 

O-lo 

— 

,— 

— 

87-0 

18-a 

56 • 7 

_ 

Normal isod 

0 -22 

— 

__ 

__ 

_ 

__ 

__ 

__ 

__ 

318/325 

Norniitlijied 

O-IH 

— 


— 

— 

— 

— 

— 


324/3.36 

H. and T. casting 

()•2.1 

Nil 

~ 

- 


- 


- 

- 

302/321 

Four bosses welded to end of 
barrel and two spindle bosses 
welded to barrel approx, 
similar. Two bosses welded 
to side of barrel—one 1% 
Cr-Vo, and the other U -44% 
U steel (228 VDH). 

0-2C 











<i-:n 

U-23 

— 

— 

— 

— 

— 

— 

— 

341 



U-iS 








.361/387 


0-34 

Nil 


— 

— 

— 

— 

_ 


:{2J/363 

Two set-serew.s A.9 similar (all 
set-serews Cd. plac'd). 

- 

— 


— 

-- 

— 

— 

— 

— 

212/229 

1 

Six set-seresvs A.IL approx, 
similar (all set-screws Cd. 
T'lated). 
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Fig. 187.— 
Macrostruc¬ 
ture of knee- 
piece and 
shock absor¬ 
ber strut, Ju 
88 . 


Ju 88 link, Doing 68-5 tons per sq. ill, maxi¬ 
mum strorts with 22 % elongation (on 4 ViV.) 

The main undercarriage struts of the 
Me 110 and Me 109 hav(^ been com¬ 
pletely dismantled and the properties of 
all the compoiK'uts det(‘rmined. The 
niimbcT of parts involv-ed is veu’y large, 
and it is not intended to entt'r into a full 
description in this p\iblication. It was 
found, however, that the majority of th(‘ 


shad parts had Immoi inadi* ofsti'el of tin 
1% chromium, molybdenum typ(‘ 
with carbon eonh'uts ranging from ()• 
to 0 - 5 %. 

Th(‘ t(‘iisil(‘ stnmgth valio's rang('( 
from 61 to 73 tons jx'r sep in., wdtl 
a normal (h'gnu' of ductility. 

Hxcejdions to tlu' abov(' w<‘n' tin 
plunger tub(‘s on both struts and tin 
radial suj)port on tin* Me 1 16 strut. 







Figs. 188, 189 and 190.—Main undercarriage strut—Me 110. 


Thoso thr('(‘ compononts were made in 
stool containing 0-25 to 0-30% carbon, 
2-5% chromium, 0-25% molybdenum, 
and 0*15 to ()-2S% vanadium. The 
t('nsil(‘ strengths varied from 78 to 87 
tons p(‘r s(j[. in., and the elongation 
values from IfJ to 22% on 4VA. 

The ]dung('r tube's on both struts had 
b('('n ehromiiun-plated. On the M(‘ 110 
tube the thickness of chromium was 
0*005 in. On tlio Me 109 tube the thick¬ 
ness was only 0*001(), and a very thin 
undercoating of inickc'l was present. 

The chromium coatings laid a fine 
1app(,'d finish, and diamond pyramid 
hardn('ss tests gave values of 642 


(10 kg. load) for the Me 110 tube and 
approximately 840 (0-5 kg. load) for 
the Me 109 tube. 

The tail wheel assemblies from the 
Me 110 and Me 109 aircraft have also 
been completely dismantled and investi¬ 
gated, but only the major components 
will be described here. It was found that 
with few exceptions the steel parts 
consisted of chrome-molybdenum steel, 
although the compositions show con¬ 
siderable variation. 

In the Me 110 fitting the fork had 
been built up by wielding togetlu'r slieet 
material in chromium-molybdenum st('el 
containing 0*26% carbon, U*95‘^^ 
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^hromiuin, and 0*22% molybdenuTn. 
Welding rod of similar alloy content had 
been used. The fork had boon wedded to 
the sliding tube, wliich had been 
machined from bar of similar chemical 
composition to that of tlie fork, and the 
tube and fork combined had be(‘n la^at- 
treated after wtdding to a tensile strength 
of approximately 74 tons per sq. in. 

In the Mo 109 fitting the fork was a 
casting in chromium-molybdenum steel 
of the usual type. The part liad been 
hardened and tempered to a tensile 
strength of 60 tons/sq. in., and was 
bolted to the vSliding tube. The tube 
had been machined from a bar of 
chromium-molybdenum-vanadium steel 
similar in type to that used for the 
tubes in the imdercarriage struts, and 


hardened and teinpert'd to give tensile 
properties of the same order. 

Tlie main cylinders of both units 
W('re made in chromium-molybdenum 
steel, but whert'as the one from the 
Me 110 hafl been lu'at-trf'ated to a 
tensile strength of 70 tons/sq. in., that 
from the M(' 109 possessed a tensile 
strength of only 47*2 tons/sq. in. 
A similar difference in tensile properties 
was found in the inner sleeves in the 
two components. In the Me 110 the 
part was madf' from 2% ehromiurn- 
molybdtmum - vanadium steel, and 
posses.sed a tensile strength of about 
66 tons/sq. in. In the Me 109 unit it 
was made in tluj usual chromium 
molybdenum steel and possessed a tensile 
strength of only 43 tons/sq. in. 


TAfiLK XXirr. mi/o'.—UNDBU- 


Report 

Xo. 

Type of 
Airoraft. 

Component. 

C, 

Si. 

Mn. 

S. 

P. 

Xi. 

Or. 


Me 109 

Underoiirriage Strut. 










Head. 


0*40 

0*72 

0*011 

0*015 

O'20 

0*83 



Top cylinder. 

0*49 

0*32 

0*[)9 

0*015 

0*032 

Xil 

1*13 



Collar. 

0*i!6 

0-22 

0-&8 

0*i)l2 

0*010 

0*03 

1*02 



Hottoin cvlindfT... 

0-41 

0-29 

0*56 

0*014 

0*024 

0*05 

1*16 



Torsion links (I’lirM-r) . 

0-2il 

0*44 

0*66 

0*018 

0*010 

0*12 

0*86 



Boot. 

0-19 

0*49 

0*65 

0*014 

0*012 

0*11 

0*89 



Hearin!? Imsli (Outer). 

“ 

0*30 

0-81 

0*026 

0*020 

0*30 

1*01 



Tteariiif? hush (Inner). 


0*24 

0*38 

0*026 

0*035 

0*05 

0*19 



Separator hush .. 

0-27 

0*29 

0*56 

0*017 

0*015 

0*06 

0*99 



Piston . 

0*30 

n>36 

0-49 

0*011 

0*012 

0*25 

2*42 



Screw cjij). 

O-S'J 

0 -24 

0-49 

0*01 

0*01 

1*92 

1*92 

06 

Me 109 

UnderCiirriagu Bracket (Port). 










.Bra<‘ket casting . 

O-'Jo 

0 *42 

0*69 

0*009 

0*012 

0*08 

0*98 



Pittings— 










Jdvot spindle . 

0*30 

0*36 

0*59 

0*009 

0*0()6 

1*92 

1 • 83 



Connecting link .' 

j 

0*28 

0*31 

0*55 

0*()13 

0*013 

0*01 

1*07 



Connectiug link pin . 

0 -.34 

0*27 

0-40 

__ 

_ 

1*73 

2*00 



(ioupUriR jaw . 

0*32 

0*38 

0-71 

— 

—. 

0*06 

2 - .5(V 



Coupling pin. 

0-32 

0*24 

0-60 

—. 

—. 

(1*08 

2*61 



Coupling pin spherical sleeve 

1 -Ou 

0-34 

0-32 

— 

— 

0*12 

1 *63 



Coupling inner spherica! i»ush 

— 

0-32 

0-31 

— 

,—. 

0*10 

1 *.54 



CoupiinL'’ oiit-r sphei ir.il itush 

—. 

0*27 

0-6 1 

— 


Trace 

0*21 



Cat(di i!.-*-.. :- _ 

— 

0*32 

1-08 

— 

—, 

(»*05 1 

1 -IK 



Insert .. 

0-18 

0*24 

0*93 



0*09 

1 

1*17 


Ueport 

Xo. 

Type of 
Aircraft. 

Component. 

C. 

Si. 

Mn. 


1'. 

Xi. 

(V. 

67 

Mg 109 

'J’ail Wheel Assembly. 










Main cylinder. 

0-27 

0*20 

0*63 

— 


o-k; 

I •():’> 



Horse-shoe wheel mounting- 

i)*2,'{ 

0*44 

0*60 

-- 

— 

0 *07 

1 * Pi 



H(j11ow rain. 

0*43 

0*27 

0*48 



0*11 

I *70 



Main-spring. 

0 ■ 6(; 

2*87 

0-84 1 

u-ok; 

()-0l7! 

(J*0*J 

()*()i 


1 

Stationary sleeve . 

0*30 

0*27 

0*72 

o-nlo 

(J *017, 

0*11 

1 *J2 
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The main and auxiliary springs in tho 
M(' 110 unit and the main spring in the 
Me 109 unit were all made in silieo- 
manganes(' steel containing:— 


Carbon . 0-57 to O-fiG 

Silicon. --GO to :J-87 

Mangiincso. 0-82 to 0-SI 


The springs liad a diamond hardness 
ranging from 550 to 630. Surface 
decarbnrisation. was piu'sent in the 
Me 109 spring, and tlie ends of both 
sjn’ings from tlui Me 110 had been 
softened to about 300 D.H. The sur¬ 
faces of the springs had apparently 
been san.d-blast('d, and the springs 
appeared to have been cold-coiled from 
cold-drawn wire and tlien liardened and 
tempered. 

The M(' 109 undercarriage bracket 


(Re^JOrt Mo. 66) consisted in the main 
of a 1% chromium-molybdenum steel 
casting with many subsidiary fittings of 
various analyses, details of which will 
be found in Section X. The casting, 
apart from two relatively unimxiortant 
defects, wrs sound and had been ground 
and/or machined over the whole of the 
accessible surface (see Figs. 197 and 198). 

With the exct'ptions of the main 
cylinder of the Me 109 undercarriage 
strut and the inner cylinder of the Me 
110 tail assembly, all the main parts 
were made in high-quality basic electric- 
furnace steel. In one or two of the basic 
electric steel parts the standard of 
cleanness was rather low. In general 
however, the steels were very clean. 


CA MU AO E 0 01\1 P ON EN TS. 


Mo. 

V. 

Ca. 

Al. 

Y.P. 

M.S. 

EL, 

%. 

ILA., 

%• 

IzotL 

Hardness. 

Special Ilertiarkg. 

n-13 

XU 

0*18 

0 -08 


61-0 

14-0 

4G 

34,38 

_ 


Casting 

(1-2U 

o-ao 

Nil 

U -U-J 

U-OU 

— 

66-4 

lG-0 

34-9 


322 D.H. 


0*23 

0‘l8 

XU 
(1 -1)3 

0<14 

(l•02 

— 

fil-5 

G7-0 

21-2 

lG-5 

50-8 

35-0 

47, 51 

_ 


Casting lower approx, similar 

0-24 

0-32 

u-u-j 

IMS 

U•02 


52-G 

17-5 

43-4 

70 

825 D.H. (Case) 
303 D.H. (Core) 
847 D.H. (Case) 

Casting 

Carburised in.«ide and outside 

Carburised outside only 

Nil 





— 

_ 

_ 

_ 










220 D.H. (Core) 


0-20 

()•2:^ 

()•]'.) 

0-28 

__ 

— 

— 

84-5 

lG-7 

.37-3 


214 D.H. 

3SS D.H. 

Chromium-plated 

0-]2 

Nil 

O-ll) 

0-08 

{;i-2 

GG-] 

12-8 


— 

- 

- 


0-21 

(J'22 

II ■i:; 


- 


- 

- 


49 

3i)-.V:-532 B.U. 
3U2/3:U B.K. 

Cmipling jaw bush, coupling 











nut, and eoup.iiig pin nut 
uppro.x. similar 



VI! 




_ 

_ 

_ 

— 

352/303 B.ll 


i ll'•■''l; 


1 


_ 

_ 

'__ 

—. 

430/444 


0.1 

1 i)-h 


I z 

_ 

_ 

_ 

__ 

— 

351 


0 • 12 

1 




_ 

_ 


— 

798/8111 D.If. 


-Vil 

i Xii 


! """ 


_ 

_ 

— 

— 

810/8: 

2 n.ii. 



1 '^■‘1 
N'il 

“ 


- 


- 

— 

— 

1 242/258 D.IJ. 
3'i3/:ur) r. .11. 


0-2,7 



_ 

_ 

_ 

— 

— 

302/3 

l D.Jl. 

Ciirbui'iscii 



1 



1 



(Core) 





1 



1 



.82:1/890 D.H. 



I 

1 

1 



! 



1 (0 

IS!') 


Ml). 

V. 

1 

! 'u 

i 

1 

1 I! mill 

; v.p. 

1 M.S. 

! 

EL, 

U.A., 

Izod. 

TT'irdni'S-s, Special Pa-inarks, 



! 



! 


"»• 






IT 



1 G-S 

3:.-7 

17-2 

:{2-'.) 

25-1) 

•M-' 


2;B)/24'.) D.H. 

27U/2>'1C P-H. Ciistiii^' 

II -S 




- !■ 

; Gii-1 

74-1 

211-‘1 

* _ 

— 

:i5U/:U!i) D.H. 

u ■ I'l. I 

II • 1 s 



■) ) 



__ 

_ 

G3GD.H. 

0-23 


z 


1—i; 

1 :!i-i: 

1 .rn-: 

5 :5.ur. 

- 

— 

224/2-<o D.rr. 
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Figs. 191 and 192 
—Tail wheel of 
Me 110, showing 
details and com¬ 
plete assembly. 




E.—PARTS OF CONTROL 
SYSTEMS 

TIk' following parts wci'(‘ oxarninod 

1. Main l(‘a(l from oontrol (••olninn ~ 
M<' 110 (R<q)ort No. .50). 

2. Control real op(>ratirig olovator tabs 
— M<^ 110 (R(‘port No. .5.5). 

3. Flap control tub<' —■ Mo 109 
{Report No. 70). 

4. Flap control tnbo — ,1 linkers 88 
(4 D.M.R.) (Ri'port No. 113). 

5. Control rod (fuselag(') —■ Junkers 
88 (V. 40.8.) (Report No. 107). 

6. Auxiliary control column ■—■ 
Junkers 88 (V. 4G.S.) (Ri'port No. 105). 

7. Part of steel tube operating driving 


brake, .lunkm’s 88 (V. 4C.S.) (R(‘])Ort 
No. 108). 

S. Tail ])l}in(‘ ineidenee adjustment 
crank, .Junkers 88 {\'.4(J.S.) (Report 
No. 108). 

9. Rudder control win* -- .Me 109 
(Kej)ort No. 71). 

10. Spring (insidi' bomb door <-onirol 
lube) — Junkers 88 (Report No. 109). 

Thesi* jiarts an* illustrati'd in Figs. 199 
to 210. Somi' of tlii> components wen* 
noii-fiu-rous tyjies and have not. laMui 
considered in this report. In addition, 
several conijxanmts weio composed of 
a multitude of small jiarts, so that for 
th<‘pur])oses of tiiis report only tlie major 
parts are di'alt with. A more detailed list 
will, l)ow(‘V('r, be found in Table XXIV. 
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Fig. 193. Main undercarriage strut— 
Me 109. 


A (l('S(*.ri})tion of th(^ various 

oompoiK'nts is as follows:-- 


1. Main Lead from Control Column 
{Fig. 199).—This consisted of a solid- 
drawn tube 14 mm. dia. reduced at the 
ends to 10 mm. dia. An 8 mm. dia. 
plain insert was fitted into one end, and 
into the other was fixed a screw carrying 
a square non-ferrous nut. The tubular 
portion was grey painted. 

2. Control Bod Operating Elevator 
Tabs {Fig. 200).—In this case the com¬ 
ponent was a solid-drawn tube, 50 mm, 
dia., with a reduced end portion welded 
on to it. The extreme end of the latter 
carried a double ball bearing, and the 
tube also carried a bolt and nut just 
below the welded portion. The whole 
surface was painted grey. 

3. Flap Control Tube {Me 109) 
{Figs. 201 and 202).—The flap control 
consisted of a thin seamless tube at one 
end of which a brass shank was fitted, 
and held with six rivct.s, A hollow steel 
shackle and screw of)crated within the 
shank on a double-start left-hand acme 
thread. The o\iter surface of the tube 
and exposed surface of the shank wore 
coated with a light-green paint. 

4. Flap Control Tube {Ju 88) {Fig.- 
203).—This consisted of a 35 mm. dia. 
tube with 1 mm. thick walls, to one end 
of which had been welded a closed end- 
piece with an internal screw thread. 
The screwed end-piece carried a light- 
alloy tube held in place by a screwed 
washer, which also fitted on the screwed 
end of the light alloy tube, 

5. Control Rod {Fig. 204).—The control 
rod was a built-up construction con¬ 
sisting of two 20 mm, dia. tubes with 
external splines at one end and internal 
splines at tlu^ other. The two tubes were 
joined together by a plug round which 
was ludd in position a lever arm, the 
end of which carried a ball bearing- 

fi. Auxiliary Control Column {Figs 
205 and 206).—This consisted of a thin- 
wiilled tube bent at right angles at a 
position approximately one-third of its 
length. Inserted and held by two screws 
to the longer section of the tube 
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Tii<‘ \vhol(' of till' siirfaeo was 

paintod dark grot'ii with a light-grei'n 
iindercoating. 

7. P((rt of Steel Tube Operathic/ Diving 
Brahe {Fig. 207). -This part was merely 
a tub(' with two light alloy flanges 
riveted on at (jik' cmd. Tlu' tube was 
paint('(l gr(‘<‘n all over. 


8, Tail-plane Incidence Adjustment 
Crank {Fig. 208 and 200),—The com¬ 
ponent consisted of a steel tube to which 
was welded a liollow V-shaped strut and 
a number of flanges (43 separate pieces 
of tube and sheet were thus welded 
together), and two links of non-ferrous 
metal attached to the flanges by jhns. 


Fig. 199.—Main lead from control column--Me 110. 





TAP.LE XXIV.-PA-RTfl 


Eeport 

No. 

Tilic 

of 

Aircraft. 

Component. 

C. 

Si. 

0*09 

0*23 

0 *30 

0*32 

0*28 

0*21 

0*34 

AIil. 

S 


Xi. 

Cr 

1*0(5 

1*05 

1*05 

1*01 

0*98 

1*355 

0*555 

Me 110 

A^ain Load from Control 
Column ('lube). 

Tube.. 

Screwed insert. 

Plain insert. 

Control 11,od Operating 
ElevatorTabs (Tube) 
Tube. 

Cl'^sed end . 

P.all-race— 

Bearing. 

Bearing balls .... 

0--21 

0-28 

0-29 

0-26 

0-27 

1-14 

l-()3 

0-51 

0*57 

0*03 

0*51 

0*64 

0*40 

0*27 

0*005 

0 *004 

0*004 

0*007 

0*015-5 

0*021 

0*0(17 

O*u09 

()*()19 

0*11 

<0*02 

<0*02 

<0-02 

0*20 

<o*io 

70 

Me 109 

Elap Control Tube. 










Tube. 

0 29 

0*135 

0*54 

0*014 

0*029 

Xil 

0*98 



Shactle and screw.. 

0-29 

0*295 

0*64 

U *018 

0*011 

0*08 

1*07 

113 

Ju 88 

Blap Control .Tube. 









(4 BME') 

Tube. 

0-22 

0-31 

0*44 

0*009 

0*012 

0*12 

1*06 



Closed-in end, . 

0-34 

0*39 

0*7» 

— 

— 

0*15 

1*0() 



"Weld metal. 

— 

0*4 

0*48 


— 

0*29 

i*i:5 

107 

Ju 88 

Control Rod (Tube) -. 

0-25 

0*2f; 

0*51 

0*009 

0*009 

0*05 

1*18 


(V. 4GS) 









105 

Ju 88 

Auxiliary Control 









(V. 4Gy) 

Colvunn, 










Pt. 1—Tube. 

0*255 

0*41 

0d)8 

0*010 

0*012 

0 09 

1*01 



l>t. 3—Cone & shaft 

0*25 

- 




-■ 

1*15 



Pt. 4—Spring. 

0*83 

- 


- 


-- 

~ 



Ball-bearings. 

0*42 

- 

~ 

- 


-- 

155*40 

lOS 

Ju 88 

Tube Operating Diving 









(V. 4GS) 

Brake. 










Tube. 

1 0*28 

0*28 

0*05 

0*011 

0*01 1 

0*12 

0*92 

1(JS 

.fu 88 

'J’ail-plant' Incidence 









(V. IGS) 

Adjustnu'iit Cranks 










AVelded assembly ... 

0*2:5/ 

0*22/ 

0*48/ 

l)*00(i/ 

0 -OOT/ 

'I’raee/ 

()■(.)!)/ 




0*27 

0*31 

0*7.1 

0*011 

0*1)15 

1 0*551 

1 *20 


i 

Largi* pin. 

0-2« 

o*:-5() 

0*58 

0*011 

0*010 

0*10 

1*17 



Small itin. 

0*2!) 

0*5-51) 

0-42 

0-009 

0 1)09 

1*95 

1*9(5 



Eyeb'dt. 

0*25 

0 • 552 

0*5:5 

_ 


0*10 

1*20 



Hall-i'iiee-- 










Outer. 

1*02 

0*552 

0-27 

-- 


Truce 

1*25 



Inner. 

1 * 0:5 

0*557 

0*28 



'trace 

0*88 



Halls. 

1 *()() 

0*28 

o-:5() 



'IVace 

()*():5 



Cage . 

— 

0*14 

o* 2 (; 



0*02 

0*05 



Swivel busbe.s. 

0*2(5 

0*550 

0*58 

(')*0(J« 

O-OlO 

0-0(1 1 

1 *08 



.Miscellaneous nuts.. 

0*558/ 

0*19/ 

0*1<)/ 



Trace/ 

0*02/ 




0* 111 

0*555 

0-71) 

— 


()*10 

()-22 

71 

Ale JOil 

lludder Control Wire.. 

0*17 

0-17 

0-02 

0*01.5 

0*012 

'rrace 

0-02 

li]0 

Ju 88 

Sftring (inside bonib- 









(V.4GS) 

door control tube) 

0*82 

0*11 

o*(;i) 

0*021 

(l-OOO 

O-OS 

O-OT 


]26 
























•OF conthol sy^^tem. 


Mo. 

V. 

Cii. 

Iiihorciit 

Oriiiu 

tSiac. 

YI‘. 


E. %. 

E.A. %. 

Haninoss. 

Special 

lleraarka. 

()-]8 

Nil 

O-fKi 

■1 to T) 

40-1 

45-7 



202/212 15.H. 


U-15 

Nil 

0 ■ 11 

5 to U 

37-0 

4(5*5 

31 

7:5..7 

* 2 '} r> 





(bar No. 4) 







0-16 

Nil 

D-ll) 

— 

— 


— 

— 

220 


U-l() 

Nil 

()-i:5 

.7 to r» 

31!-1 

44*4 

20*5 







(soino No. 4) 







fl-18 

Nil 

(i-dS 

5 to 7 

— 

— 

— 

— 

217/22S 


Nil 

Nil 

— 

_ 

„ 

_ 



S10/S23 D.H. 


Nil 

Nil 




~ 

— 


81)0/905 D.H. 



Nil 


2 to 4 


G9-1 

14*0 


m D.H. 





(iniiinl^ 3) 







()-17 

Nil 

— 

4 to 7 

— 

— 

— 

— 

309 D.H. 





(inuiuly 3 to ()) 










1 to 5 







O-K) 

Nil 

O-Ni 

(mainly 1 to 3) 

57-3 

Kl*7 

13*5 

— 

304/310 

H. iuidT. after 

(Mi) 

Nil 

d-ir, 

4 to (> 

— 

— 

— 

— 

327/331 

welding 

o-ir) 

Nil 

— 

5 to t> 

— 

— 

— 

“ 

— 


o-in 

Nil 

D-OS 

■) to (> 

41-5 

4G-0 

27*5 

_ 

211/213 





(a f(‘W No. 4 










^ains) 







0-17 

I'l’lUT* 


■1 to () 


Cfi-0 



342/359 D.H. 





(mainly 5) 







o-i>o 

— 

— 

2 to 5 

— 

— 

— 

— 

288/298 D.H. 





fniiunly 3 to 4) 







— 

_ 

— 

■1 to (> 

— 

— 

— 

— 

547 D.H. 

Patented and 




(u littlo gnubt 1) 






drawn 

— 

— 

— 


— 

_ 

— 

— 

602 D.H. 


0*2] 

Nil 

0--J.1 






207 li.H. 

C(.>ld-i.lraw n 










and probably 










tempered 

0-17/ 

Nil 







202/241 .15.11. 

Normalised 

o-2r) 


(I- 111 







after welding 


Nil 

()-j:5 

! 



— 

— 

311 H.K. 

H. and T. 

(I'liO 

Nil 





— 

— 

1510 U.IL 

H. and T. 

(i-'j-j 

Nil 

! (1-1-7 

[ n 



— 

„ 

320 B.TL 

H. and T. 

'I'nov 

Nil 


i 



_ 


890 D.H. 


M'nicc 

Nil 

(I- 1-j 

; - - 


. _ 

— 


890 D.H. 


Tr.ia- 

Nil 

(I- IS 

! 



— 


85(i D.H. 


Nil 

Nil 

O'-JL 

-- 


— 


— 

121/1] S D.H. 


O'LN) 

Nil 

o-Il 





— 

29:5/:511 

U. and T. 

Tr.iiv 

Nil 

(l-l)!/ 


_ 

— 

— 

— 

207/255 


()-o:i 


()--Jl) 








Nil 



1 to 1 

73-0 

1)1*5 

1(5-0 

(lO-T) 

:i!)0/ll2 D.H. 





('mainly -5) 

(<>•1% 

I’.S.) 






'J'riiOt* 

Nil 

1 ()-l‘J 

1 to i; 





119/1(59 D.H. 

Patented and 










drawn 












Figs. 205 and 206. 
Auxiliary control 
column for Ju 88 
assembled and in 
•detail. 



Fig. 2 0 8.--Tail 
plane incidence 
adjustment crank 





on whicli thoy wtn'o frc'o to movo. Tliis 
wrti^ also painted gr('en inside and out. 

A general consideration of the results 
of the various metallurgical examina¬ 
tions are detailed below 


Heat-Treatment 

Hardening and tt'mjjoring ti*('atm(‘ntrs. 
were carried out in the majority of casi's. 
Wliere welding was used (Ri'ports Nos. 
108 and 113), lieat-tr('atm(‘nt ax)X)(‘ared 





i^sssaO I 


^gotfoo «oy 


o»o6 


0800 


Fig. 209.—Details of tail plane incidence adjustment crank ~Ju 88. 


[a )—Tubular Components 
Composition 

All tlie mateivial eonsid(M‘(‘d hdl into 
the eliromium-molybdenum cate¬ 

gory, including the weld mi'tal (R<^port 
No. 113). 

Method of Manufacture 

In all cases tlu' st(>td was jorobably of 
basic ehx-ti‘ie-avc inanufactuns and all 
comx)on<'nts wen' mad(' from hot-worked 
Xnndiicts. In tlu' cast* of tlu' tnl)ulai‘ 
|)arts, t]i('S(‘ W('r(' mad(' from solid- 
drawn t nbes follow(‘d by iK'at-tn'utiiKoit. 

Cleanness 

In all cases the steel was faiidy (dean. 


to have b('en carriial out subs('(pi('nt to 
welding. 

{h )—Wires and Springs, 

Ball Bearings, etc. 

Th(' sju-ings and wii'(' W(‘)‘(' all made- 
from car))on st;'('l, patiaiti'd and drawn, 
of basic (‘l('ctric - arc manufact 
although diat d( tailed in Report No. l<)*d 
may have Ix'fm of Swedish Odf. manu¬ 
facture'. TIk' hull beai'itigs of R,(‘ports 
Nc.s. ,o5 and I OS w(‘r(' niad(' from 
th(' nsufd carbon-chromium stoi*!, but 
those' classifu'd und(‘r Ib'port No. lOo 
W('r{' ratlu'i- <'xcepl ional. being I3‘r)'\j, 
clirornium with 0-I*\) ea'boii. 

Tlu' (jualit\' was good in tliesi* 
instnne('s, and in tin* inajori1\’ of tlu? 
minor parts. 
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Section XIV.—Miscellaneous Parts 


JN this section a number of mis¬ 
cellaneous compoiK'iits which were 
examined tog('th('r ani considered 
individually. 

A.-—Inner Pipe, Inlet Heater from 
Exhaust System of Heinkel lllH 
Aircraft (Report No. 10) 

Tlio pip(i laid ])('('n removed from 
inside the ('xhaust pipr^ of the Jiimo 
211A engine, installed in a Heinkel 
lllH aircraft. Air for cabin heating 
was drawn through the |)ii)e. TIh^ pipe 
was 2J in. o./d., and had been made 
by bending sheet 0*000 in. to 0*062 in. 
thick and gas-W(‘lding along a longi¬ 
tudinal seam. 

Th<‘ ste(‘l was of tli(‘ following chemical 


composition 

c - 


% 

.. 18-(i7 

CiirboTi. 

o'-'T.'i 

(’liromium .... 

Silicon. 

(1-(1S 

Molylidcmmi .. 

.. (t*2r) 

IMUTlfijUlCSC.. 

(l-HS 

Coi'i'cr. 

. . 0*17 

Xick(‘l. 

S*S(i 

Titanium. 

.. ()*(j2 


It will be noted that tla^ mahuial was 
a titanium beaihig l.S/8 chromium- 
nickel-aust(‘niti(^ steid containing small 
ami possil)ly accid(*ntal additions of 
molybd(‘num and (•()])])<‘r, Tlu* W(d(l 
metal was not fully rtsistant to iiittu- 
ei'ystallim' eori'osioii wlieii subject(‘d to 
th(‘ standard acid-coj)])('r-sul])hate h'st. 


B.—Control Chains from Heinkel 

lllA (Aircraft Report No. 11) 

Samples of 8 mm. and 0*500 in, pitch 
chain were examined. They were found 
to bo commercial products, the smaller 
one being of the typo used for general 
industrial purposes, and the larger 
principally for motor-cycle transmission. 
The chains were of normal design, except 
tliat the 0* 500-in. chain had plain 
unshouldered bearing pins and no 
provision for locking the bushes. 

As regards the materials, the depar- 
tTires from Biitish practice were found 
as given in tlie table below,, 

G. — Gun Mounting Parts from 
Messerschmitt Me 110 
(Report No, 52) 

The parts examim^d consisttal of; 
(1) Port maehiiK'-gun tube, (2) forward 
gun mounting, and (3) ivar gun 
mounting. 

1. Tort Mdchimt Gun Tube .—This 
consistc'd of a stind tub(‘ approximately 
65 mm. o./d. and 62*5 mm. i./d., 
carrying a widdi^l flangi* riv('ted at an 
angh' of about 20° to an aluminium 
alloy slKM't, wliich formed part of the 
eov(‘riiig ou tie* nose of tlie aircraft 
(Fig. 211). 
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2. Forward Gun Mounting, — The 
wteel employed for both parts was 
of the 0*25% carbon, 1% chromium, 
molybdonum type. The parts had 
been built up by gas welding in sheet 
and tube, and none of them had been 
heat-treated after welding (Fig. 212). 


welds a 2 '>p('ai‘ed to have betm sub¬ 
sequently heat-treated. The eliromium- 
molybdenum steel had evidently becur 
made by the basic electric jn'oeess, 
w'hilst the remaining steel parts were in 
jilain carbon steel of open-heartii manu¬ 
facture. 



Fig. 211.—Port machine-gun tube—Me 110. 



Fig. 212.—Forward gun mounting -Me 110. 


3. Rear Gun Mounting. ■ - The 
mounting is shown in Fig 213, afhu- 
u'moval of the cap, whilst Fig. 214 
shows th(' approximate' assembly of th(' 
component parts. TIk* st('el us('d for 
tlie main parts was found to be of the 
1% eliromium, i% molybdenum type in 
■either th(' softened or hardi'nc'd and 
tomperi'd condition. A consid('ral>le 
amount of w('lding had bi'i'ii done on 
tlie softeiK'd parts, but noru* of the 


D.^—German Bomb Release (Report 
No. 31) and Bomb Hooks (Report 
No. 32) 

A view of th(' eomjili'ti' ajifiaratus, 
which was of the elect rie-rnagnet ie 
type, is showm in Figs. 215 and 21(5. 

Fig. 217 shows tlu' loadi'd position. 
Till' passage' of eurri'iit through the 
soleiuhd e,aus('tl a eloekwisi' inove'ini'nt 
of th('brass triggi'r T, w'liieli de'presse'd 
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tlie arm A of tlio lover pivotod at B. The* 
r('sulting upward movoment of tlie 
other end of the lever which carried a 
.small rolh'i' releasf'd the prong P. On 
release this prong moved forward and 
this mo\"C‘mt‘nt was transmitted through 
levers to tlie bomb hook H, which, by 
assuming a more vertical position 
released the bomb. 

Hardness tests, chemical analyses, and 
microscopical examination revealed no 
unusual mit-allurgical feature. All the 
steels weri' of the plain carbon type, and 
probably of open-hearth manufacture. 
The hook was a drop stamping in 0-45% 
carbon sh'td in the “as forged” condition. 


hook had been made as a drop forging 
in 0*5% carbon steel and left in. the 
“ as-forged ” condition. 

E.—Cartridge Release Mine-layer 
{Report No. 33) 

The component consisted of a liglit 
alloy housing containing a toggle 
arrangement designed to open and close 
the jaws. Fig. 218 gives a view of the 
bottom end, while Fig. 219 shows the 
working parts removed from the hous¬ 
ing. 

In the closed position the upper 
toggle levers E and F are practically in 
line, the tension spring J forcing the 



Fig. 213. Rear gun mounting—Me 110. 


Ordy th(‘ holt, about which tin* hook 
])ivotcd, was hardinu'd and teinp('r(‘d. 

Bomb Hooks 

Two bomb hooks, oiu' from a vc'rtical 
carrier (250 kilos.) and one from a light 
s(‘ri('s canh'r (up to 50 kilos.) wen^ 
('xamined. 

The largfU' liook had been made from 
air-hard(‘ning niekd-chroine st<‘(d, prob¬ 
ably ])lanked from ]jhit<‘ and hardened 
and h'lnpf'O'd to a tonsih* stnuigth of 
about 88 tons per s(j. in. Th<‘ smalk'r 


arms upward, which closes the jaws G 
and H. When the trigger C is pressed 
the cam B fixed to the trigger shaft is 
moved downwards and the spring pulls 
the top portions of the jaws inwards, 
tlien'by opening the jaws. 

Tlu! housing was an aluminium alloy 
casting of vi'ry poor quality containing 
4-f)3^G magm'sium and 0-8()^o 

silicon. 

Th(‘ have Ikh'ii httcavd a.s 

follows :• - 
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A. 'ruliuliir hPiiriiiuv. 

]!. Cam operated tiy tripAAr. 
C. 'rripger. 

r>. Xiit at end of trigger 
shaft. 

E, TjffTer arm L 
P. Lever arm II. 

G. .Taw I. 

H. Jaw 11. 

I. Cam spring, 

J. Toggle lever spring. 

K. Eonr pins. 

L. j^mall pm. 

M. Roller at end of cam. 


Parts A, B, C. E, E, 
b(HMi ca(lmium-plato(I. 

Cf'ption of parts L and ]\I tho compon¬ 
ents were chemically analysed, and 
tlie results are shown in Table XXV. 


UI iU 


The tubular bearings, cam, trigge^r 
and lever arms had all been made iii 
1% chromium-molybdenum steels 
with carbon contents ranging from 
0*29% to 0-42%. The jaws wiu'e of 
air-hardening nickel-chromium stool. 

Microscopic examiiiatioii of sections 
r('vealed.that with the exceptions of tlu* 
lever arms and trigger nut all the main 


¥ 

. 214.—Details of rear gun mounting- 
Me no. 


Fig. 215.- 
B o m b re¬ 
lease appar¬ 
atus of the 
electric-mag¬ 
netic type. 



I:{4 





Fig. 216.— 
The reverse 
view of the 
bomb - release 
apparatus. 


working: parts had boon mad(' fi'om 
liigh-qiiality basic (doctric stool, with 
tho oxcoption of tho lovor arms which 
W('r(^ ])robably made from Siemrens’ 
st(‘(d, and tho trigger nut of froo-cnitting 
stool. 

T]i(‘ two springs wore made of plain 
carbon sh'ol of high quality, and 
all th(‘ main parts liad boon hardened 


and tcaupered to hardness values in the 
region of 300 to 400. An unusual 
feature observcal during the hardness 
tests •u'as that the hardness of the parts 
was ax)preciably higher at the surfaces 
than in the cores; possibly this was due 
to the parts having been heated in a. 
cyanide bath prior to hardening. No 
marked carburised zone was found. 



217. Show¬ 
ing the bomb 
release mechan¬ 
ism in the loaded 
position. 






Fig. 218,—Bottom end of a cartridge 
release mine-layer. 

Tensile tests' on the lever arms gave 
tensile strength values of 80 and 
85 ton?/sq. in. with 12-|-% elongation 
on 4VA. The tensile strength of the 
jaws was nearly 90 tons per sq. in. 
with 17% elongation on 4VA. 

The cam trigger lever arms and 
j iws had all been made as drop 
forgings. 

F.—Assisted Take-off Hook from 
Heinkel 111 (Report No, 34) 

The hook as received is shown in 
Fig, 220. 

Tlie main body of the ass(‘inbly 



Fig, 219.—Showing the working parts of 
the cartridge-release mine-layer. 

consisted of a triangular casting (s('e 
also Section X—-Castings) witli two 
parallel hooks (A) on the front of tlu* 
underneath face (B) ; top (C), bottom 
(D) and back (E) flange's, n^ar plate (F), 
and stiffener (Cl), and a top rib (H). 
The swivel pin fitt(‘d tlirougli the lower 
broader section of th(' easting and was 
held in position at eaeli end hy a larger 


TABLK XXV. OF COlIPOXKX'rs IN' TTtK CABTUIDOK HKLHASK MIN'IM.AYKIO 
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Fig. 220.- 
Assisted take-off 
hook—He 111, 



nut <111(1 ivtaiiKM' clip. Th(' Iovits wore content had been employed. Thecasting 
pivot(‘(l at (‘acli sidi', of tlie casting, on was in the normalised condition, and n, 
a thin pin wliieli fitted through the t'^nsile test gave a maximum stress 
low('r broad S(‘ction of the wob at a value of 59 tons per sq. in., with 18% 

Ci'utral position. One (md of eacli elongation on 4VA. Izod impact tqsts 

lov(‘r jiassed tlirough slots in tlu‘ bottom gave values ranging from 28 to 35 ft.-lb. 
flang(‘ and tli(‘ othiu end was lield by The swivel pin and levers (the latter 
t('nsi()n sjirings attaelu'd to (‘y(‘-bolts on forgings) had also been made 

th('r('ar ])h’te of tli(‘easting. Along tlu‘ chromium-molybdenum steel of 

top rib, bottom of tli(^ n'ar plat(‘, and basic (deetric-arc quality. The swiv(d 
th(' back flaugi's w(‘iv iviunaiits of th(‘ pi,, ^yas in tlu' normaiised conditio.i 
non-h'iTous material of tlu' fus('lag(% to j,, tvnsih' t('st gave 5()*5 tors 

wliieli till' assembly had been holt('fl. maximum stress with 25^o elongation 

TIk' main iiody of tlu' hook was a steel A- Tlu^ levers had btam hardened 

easting ill earlion, chromium, t(‘rnpered, and a timsih't(‘st gave a 

and ()-2;V\', molybdenum st(‘(‘!, nianu- vahu'of (iS tons pu sq. in. for ultimate 
factu[-(‘d in thebasi(!('leetric-arc furuac(‘. stu'ss, wdth 23°,o (dongatiou on 4\A. 

The easting was generally sound, and The h'V(‘r ])in and tlu' spi'ings were in 

its surface was fah*l\’good. Some building opcm-lu'arth ciiiality plain carbon steel, 

up with weld nieti 1 had been don(‘, and Tli(‘ springs w'c'U' in tli(' “hard-diwn” 

filler rod of a similar chemical composi- condition and had a diamond pyramid 
lion hilt, of som(‘w!uit liigli(>r cliromiiim hardness of 505. 
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